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CHAPTER  I. 


INTRODUCTORY. 

Disinfection  is  priinarily  a tool,  which  is  placed  in  the 
liands  of  those  following  a special  calling — the  care  and 
treatment  of  the  sick — and  in  those  of  the  world  at 
large.  It  is,  moreover,  a complicated  tool,  its  applica- 
tion  necessitating  not  only  practice  hut  also  intelli- 
gence,  that  is  to  say,  a knowledge  of  the  causes  and 
luethods  of  dissemiiiation  of  infectious  diseases;  and 
also  familiarity  with  the  method  and  sphere  of  action 
of  the  several  kinds  of  disinfection. 

Although  it  is  true  that,  for  practical  use,  instruc- 
tions  for  the  performauce  of  disinfection,  which  give 
full  details  and  are  inteuded  to  preclude  all  risk  of 
error,  have  been  issued  by  more  or  less  competent 
authorities,  experience  nevertheless  shows  that,  even  in 
the  simple  kinds  of  disinfection  errors  are  committed 
which  may  prejudice  the  entire  results.  The  natural 
consequence  is  that  the  causes  of  the  non-success  of 
the  method — which  in  itself  may  be  a very  suitable 
one — are  concealed.  Expert  supervision  or  inspection 

is,  however,  indispensable  in  practice. 

As  a Collection  of  fundamental  facts,  disinfection  is 
also  a not  unimpoidant  branch  of  hygienic  Science ; 
and  an  exhaastive  course  of  study  is  necessary  in  Order 
to  hecome  an  expert  in  the  subject.  Eike  the  Science 
of  hygiene,  tbat  of  disinfection  only  partially  possesses 
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methods  of  its  owii,  both  Chemical,  [jhysical  and  bac- 
teriological  methods.  of  investigation  having  to  render 
assistance ; but  the  adaptation  or  development  of  these 
methods  in  association  with  the  special  biological 
methods  is  specific  in  character.  The  description  of 
the  methods  of  investigation  is,  however,  reserved  to 
the  scientific  publications  dealing  with  the  subject,  the 
present  work  being  concerned  solely  with  the  results 
obtained. 

Disinfectiou  is  the  prevention  of  infection.  Infec- 
tious  diseases  are  set  up  by  micro-organisms  belonging 
to  the  lowest  Orders  of  the  vegetable  (protophytes, 
bacteria,  budding  fungi  and  mould  fnngi)  and  animal 
(protozoa)  kingdoms.  These  organisms  act  partly  by 
the  production  of  poisonous  substances,  either  inside 
or  outside  the  body ; partly  by  destro5nng  individual 
portions  of  the  body,  and  also  by  inundating  the  whole 
body  and  producing  functional  disturbance  of  same. 
Except  in  the  case  of  certain  toxic  micro-organisms — 
such  as  those  causing  allontiasis — which  do  not  in 
themselves  give  rise  to  Symptoms  of  disease,  the  in- 
fectious  diseases  always  bave  as  their  starting-point  the 
infected  human  or  animal  organism;  but  thepath  trav- 
ersed  by  the  pathogenic  germ  from  its  original  habitat 
to  a new  organism  differs,  not  only  in  different  diseases, 
but  also  in  one  and  the  same  complaint.  Such  diseases 
as  those  of  the  genital  organs,  wound  infection,  leprosy, 
plague,  anthrax  and  rabies  are  communicated  by  the 
direct  contact  between  diseased  and  healthy  bodies, 
and  also  occasionally  through  the  hands,  body-linen, 
brushes,  sponges,  instruinents  (catheters),  etc.  Dry 
atmospheric  dust  forms  the  means  of  transmitting  the 
germs  of  measles,  scarlet  fever,  smallpox,  chickenpox 
and  tuberculosis.  The  drops  of  fluid  produced  in  cough- 
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ing,  sneezing,  singiug,  talking  and  laughing,  frequently 
contain  the  genas  of  tuberculosis,  epidemic  spotted 
fever,  influenza,  phthisis,  diphtheria,  whooping-cough 
and  glanders ; and  on  account  of  their  high  power  of 
remaining  in  Suspension,  are  carried  by  currents  of  air 
into  the  respiratory  tracts  of  inen  or  animals  in  the 
vicinity.  The  disease  genas,  such  as  those  of  typhoid, 
dysentery  and  cholera  occurring  in  the  fieces  or  urine, 
inay  also  be  disseminated  into  the  environinent 
through  the  impact  of  a stream  of  liquid  against  a solid 
substraturn  or  the  surface  of  a liquid — for  example, 
during  urination  or  defecation,  the  emptying  of  Uten- 
sils, the  splashing  of  bath  water,  etc.  The  soil  fre- 
quently harbours  the  resting  forms  of  tetanus,  anthrax 
and  malignant  oedema ; whilst  water  may  carry  the 
germs  of  cholera,  typhoid  fever  and  dysentery.  The 
former  (soil)  occasionally  finds  its  way  into  skin 
wounds,  and  the  latter  (water)  is  taken  as  a beverage ; 
and  in  this  way  the  germs  find  an  opportunity  of 
causing  disease.  Foodstufls  in  general  are  also  excel- 
lent  nutrient  inedia  for  all  kinds  of  pathogenic  germs, 
which  develop  luxuriantly  therein  when  once  they  have 
gained  access.  This  explains  why  the  germs  of  tuber- 
culosis, diphtheria,  influenza,  cholera,  typhoid  and 
dysentery,  and  the  micro-organisms  producing  ptomame 
poisons  and  allontiasis  are  frequently  discovered  in 
foods.  Finally,  insects  are  transmitters  of  disease. 
Flies  carry,  on  their  legs  and  intenially,  the  germs  of 
infectious  diseases  which  are  localized  in  the  intestines, 
which  germs  they  take  up  along  with  particles  of  ex- 
crernentitious  matters  and  deposit  them  on  foodstufls. 
Mosquitoes,  gnats,  hugs,  fleas  and  lice  suck  the  hlood 
of  pei-sons  snffering  from  sleeping  sickness,  malaria, 
yellow  fever,  relapsing  fever,  plague  and  spotted  fever. 
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and  roinoculate  the  j^ferius  into  healtliy  organisins.  It 
must  also  be  borne  in  niind  that  the  transinission  of 
disease  fi'equently  proceeds  in  a very  coniplicate<l 
manner.  A genn  excreted  in  faecal  matter  may  be 
carried  for  sonie  distance  on  a boot,  then  transferred 
farther  by  insects,  and  still  farther  from  band  to  band 
— sometimes  through  a very  long  chain.  iMoreover,  it 
must  not  be  forgotten  that,  in  niany  diseases,  the  dis- 
semination  of  the  germs  does  not  cease  with  the  cessa- 
tion  of  the  clinical  Symptoms,  but  may  continue  for 
weeks  and  even  months ; that  there  are  light  forms  of 
disease,  in  ’which  the  general  well-being  of  the  patient 
is  only  slightly  affected,  if  at  all,  although  he  may  give 
off  pathogenic  germs  that  exhibit  undiminished  viru- 
lence  (healthy  germ  carriers). 

When  it  is  also  remembered  that  the  disease  germs 
differ  considerably  in  their  capacity  for  existence  outside 
the  body,  it  will  be  evident  that  special  raethods  re- 
quire  to  be  adopted  for  disinfection  in  each  disease, 
such  methods  being  based  on  the  special  circumstauces, 
if  success  is  to  be  commensurate  with  the  trouble  en- 
tailed.  The  elaboration  of  these  methods  forms  the 
task  of  disinfection  as  a special ized  subject,  whilst  the 
present  work  is  restricted  to  general  disinfection,  that 
is  to  say,  the  preparation  of  disinfectants,  their  mode  of 
action  and  scope  of  efficiency. 

Attempts  at  disinfection  are  nearly  as  old  as  the  human 
race  itself.  We  read  of  the  eftects  of  Boreas  in  the 
plague-stricken  quarters  of  Babylon  ; and  Homer  WTote 
about  wood  smoke  and  sulphur  fumes.  The  cult  of  the 
bath  in  the  later  periods  of  antiquity  was  a semi-conscious 
attempt  at  disinfection  ; and  in  the  jNIiddle  Ages,  the 
fear  of  devastating  plagues  gave  rise  to  the  strängest 
notions  regarding  the  prevention  of  iufection.  The  re- 
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lK)rts  on  tlie  buruing  of  witches,  penning  goats  in  pest- 
houses,  and  so  forth,  testit'y  tlie  coiifusion  occasioned  in 
the  human  mind  by  the  Superstition  of  the  age.  It 
was  not  until  about  a hundred  years  ago  that  any  ac- 
curate  perception  of  the  possilulity  of  preventing  in- 
fection  began  to  dawn  among  the  enlightened.  At  the 
turn  of  the  eighteenth  Century,  Peter  Frank,  Pleuciz, 
Count  Kumford,  and  ahove  all  the  celebrated  chemist 
Lavoisier  held  generally  accurate  views  on  the  nature 
of  infection  and  made  what  were  in  part  really  practical 
proposals  for  preventing  same.  Lavoisier,  for  instance, 
instigated  a regulation,  in  virtue  of  which  all  persons 
received  into  prisons  and  hospitals  were  bathed  and 
made  to  don  clothing  provided  by  the  State,  their  own 
garments  bemg  disiufected  in  hot-air  cupboards.  Half 
a centiu’y  ago,  Lister  inaugurated  the  antiseptic  treat- 
ment  of  wounds ; and  shortly  afterwards  Pasteur  came 
on  the  scene  with  his  higbly  important  researches  on 
the  causes  of  fermentation,  etc.  It  was  not,  however, 
until  the  epoch-making  discovery  of  Robert  Koch  in  Con- 
nection with  the  causes  of  disease,  and  his  inethod  of 
pure  culture  of  the  disease  germs,  that  the  subject  of 
disinfection  was  opened  up  to  scientific  treatment ; and 
it  is  only  from  that  date — in  the  early  eighties  of  the 
last  Century — that  the  Science  of  disinfection  came  into 
existence.  Düring  the  last  three  decades  this  Science 
has  attained  extensive  development. 


CHAPTER  II. 


PH  Y, SIC  AL  DISINFKCTION. 

The  terra  “ disinfection  ” means  freeing  articles  from 
adherent  disease  germs.  This  result  can  l)e  achieved 
eitlier  by  reinoving  these  gerras  in  an  unaltered  condi- 
tion, or  eise  by  destroying  their  pathological  activity 
(i.e.  thair  vitality)  on  the  spot. 

In  the  former  event  the  disease  gerras  are  got  rid  by 
mechanical  agencies.  Thus  gerras  are  elirainated  from 
drinking  water  by  means  of  compact  Alters.  In  the 
case  of  walls,  the  topraost  layer  (dust,  etc.),  accoin- 
panied  by  the  germs  adhering  thereto,  is  removed  by 
rubbing  it  with  bread  ; and  finally,  one  may  regard 
as  mechanical  disinfection  the  practice  of  covering  over 
with  a coat  of  paint  (and  thus  rendering  harraless)  the 
germs  adhering  to  the  surface  of  solid  objects.  All  such 
precautions  belong  undoubtedly  to  the  sphere  of  disiufec- 
tion,  though  in  the  narrower  sense  the  terra  is  restricted 
to  the  second  category,  in  which  the  disease  gerras  are 
destroyed. 

The  annihilation  of  all  the  inicro-organisins  in  and 
upon  an  object  is  the  final  aiin  of  sterilization,  an  Opera- 
tion originally  based  on  a different  course  of  ideas.  Only 
a small  proportion  of  the  gerras  found  on  the  earth’s 
surface  are  pathogenic,  the  majority  being  putrefactive, 
that  is  to  say  having  the  propert}'  of  decoraposing  dead 
organic  matter.  In  Order  to  preserve  from  decoinpo- 
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sitiou  readily  decomposable  foodstuffs  and  other  organic 
objects,  atteiupts  were  inade  to  free  the  same,  and 
everything  coming  in  contact  therewith,  froni  adherent 
micro-organisms,  that  is  to  say,  to  sterilize  theni. 
Since  disease  germs  are  included  in  this  category,  and 
form  only  a small  body  in  comparison  with  the  putre- 
factive  organisms,  the  term  sterilization  covers  a wider 
field  than  “ disinfection  ” and  always  includes  the 
latter,  though  the  converse  does  not  apply.  Never- 
theless,  in  practice,  the  two  expressions  are  frequently 
used  as  synonymöus — and  for  the  most  part  correctly 
so. 

It  should  be  taken  as  an  axiom  that  the  processes  of 
disinfection  mast  always  he  regarded  froin  two  points 
of  view,  the  biological  and  the  physical,  the  former 
treating  of  the  action  of  the  disinfecting  medium  on  the 
micro-organisms,  and  the  latter  dealing  with  its  be- 
haviour  towards  the  articles  to  which  those  organisms 
adhere.  One  may  also  speak  of  two  stages  of  disin- 
fection : the  first  consisting  in  the  penetration  of  the 
disinfectant  on  the  outside  or  inside  an  object  as  far  as 
the  hiding-places  of  the  germs,  whilst  the  second  stage 
is  concerned  with  the  destruction  of  said  germs.  The 
physical  side  of  the  Operation  may  in  many  cases  be 
so  insignificant  as  to  be  negligible  ; but  it  is  always 
desirable  to  ascerlain  this  definitely,  in  order  that  nothing 
may  be  omitted. 

It  is  therefore  the  task  of  the  Science  of  disinfection 
to  examiiie  the  individual  disiiifectiny  agents  on  both 

O O 

sides  ; and  it  may  be  taken  for  granted  that  specific 
properties  in  one  direction  or  the  other  will  occasion- 
ally  be  discovered.  On  the  biological  side  the  micro- 
organisms  constitute  the  point  of  attack.  In  general 
their  power  of  resistance  to  disinfecting  agents  varies 
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cousiderahly,  so  tliat  in  tliis  r(!spoct  a {'ra/luatnd  soalc; 
Cüulfl  be  drawn  up.  The  ^naduations,  liowever,  will 
not  exactly  coincide  for  the  different  disinfectants,  and 
fnrthermore,  the  individual  speeies  do  not  hehave 
identically  throughout  the  whole  of  their  races  and 
Stocks ; on  the  contrary  they  soinetiines  exhihit  re- 
markable  divergencies.  In  testing  disinfectants  it  has 
therefore  hecome  the  practice  to  determine  a liinit 
value  up  to  wbich  the  agent  is  effectual,  and  hy  coni- 
paring  this  limit  value  with  that  of  a thoroughly  in- 
vestigated  known  agent  (for  example  steam  at  2 12"  F.) 
obtain  a hasis  for  juJging  its  efficacy. 

Disinfecting  agents  are  very  numerous ; in  fact, 
everything  capahle  of  injuring  the  vitality  of  micro- 
organisms  is  a disinfectant,  provided,  of  course,  that 
vitality  is  understood  to  niean  propagative  capacity. 
Agents  which  are  able  to  restrict  propagation  merely 
during  the  time  they  continue  to  act,  hut  do  not  injure 
the  propagative  capacity,  so  that  after  their  influence 
is  reinoved  reproduction  goes  on  once  more  without 
hindrance,  are  mostly  grouped  under  the  naine  of  pre- 
servatives.  In  the  nature  of  things,  moreover,  a suh- 
stance  inay  be  a disinfectant  when  more  highly 
concentrated,  and  a preservative  when  in  a more  dilute 
condition. 

In  Order  to  systematize  this  wide  suhject,  a distinc- 
tion  is  drawn  hetween  physical  and  Chemical  disinfec- 
tants. Any  closer  definition  of  the  two  is  superduous, 
the  explanation  heing  self-evideut. 

I.  Heat. 

The  most  powerful  factor  of  disinfection  known  is 
heat. 
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(a)  Drjj  Ileat. 

The  existence  of  tlie  disease  gerin  is  adapted  to  the 
teinperature  of  its  animal  habitat,  namely  about  85°  F. 
on  tbe  surface  of  tbe  buman  body  and  tbat  of  wavm- 
blooded  animals,  and  about  F.  witbin  tbe  body  it- 
self,  tbe  tigures  being  somewbat  bigber  in  tbe  case  of 
birds,  and  1 8°  to  2ß°  lower  in  cold-blooded  animals — tbat 
is  to  say,  the  vital  processes  of  the  germ  go  on  most 
actively  at  these  temperatures.  Now,  whereas  the 
higher  animals  are  very  sensitive  to  cold,  those  lower 
in  tbe  scale  do  not  freeze  so  readily,  though  even  the 
lowest  animals,  the  protozoa,  will  not  always  survive 
freezing  teinperature  unconditionally.  Plants,  on  the 
other  band,  have  greater  powers  of  resisting  cold ; for 
though  the  higher  plants  also  suffer  from  the  efi'ects  of 
frost,  the  lowest  forms,  tbe  monocellular  organisms, 
appear  to  be  totally  unaffected  by  even  extreme  de- 
grees  of  cold.  Even  such  delicate  forms  as  tbe  cholera 
bacillus  will  remain  alive  in  ice  for  montbs,  and  are  not 
killed  by  the  teinperature  of  liquid  air  ( - 191°  C.). 

Micro-organisms  have  a minimum,  maximum,  and 
Optimum  teinperature  of  development,  the  values  of 
whicb  Vary  considerably  in  different  species.  In  sonie 
species  of  disease  gernis  tbe  minimum  teinperature  lies 
just  below  the  teinperature  of  the  liody.  These  are  the 
organisms  whicb  have  become  so  habituated  to  para- 
sitic  existence  tbat  they  are  no  longer  able  to  survive 
Outside  their  host  (oliligate  parasites),  for  example,  tbe 
tubercle  bacillus.  Other  species,  such  as  tbe  bacilli  of 
Cholera,  typhoid  and  dysentery,  are  facultatively  or 
semi-parasitic,  i.e.  can  also  reproduce  tbemselves  out- 
side  the  body,  and  are  tberefore  not  dependent  for 
their  existence  on  a very  narrow  ränge  of  teinperature. 
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the  miniinuin  l)eing  in  such  cases  about  00’  to  08'  K. 
like  that  of  the  other  semi-parasites.  At  the  iiiininiuiu 
temperature,  reproduction  is  only  very  slight  and  barelv 
detectable. 

The  niaxiniuin  temperature  plays  a different  part 
with  regard  to  bacteria.  When  the  temperature  of  an 
otherwise  suitable  nutrient  medium  is  raised  above  the 
Optimum,  the  reproductive  tendency  of  the  bacteria 
quickly  retrogresses.  There  ensues  a warm  zone  in 
which  reproduction  proceeds  very  sparsely,  and  this  is 
followed  by  the  maximum  temperature,  at  which  growth 
ceases  altogether.  In  the  case  of  most  pathogenic  germs 
this  temperature  is  between  106°  and  122°  F.,  and  they 
cannot  stand  it  for  more  than  a comparatively  short 
time  without  injury.  At  the  end  of  a few  hours  their 
vitality  is  so  exhausted  that  they  are  unable  to  recover. 
The  more  this  maximum  temperature  is  exceeded,  the 
more  rapidly  do  the  bacteria  perish.  At  140°  F.  patho- 
genic germs  generally  die  within  an  hour,  and  at  158° 
F.  they  succumb  in  a few  minutes.  Even  the  very' 
few  non-pathogenic  bacteria  able  to  stand  higher  tem- 
peratures  than  the  disease  germs  are  quickly  destroyed 
at  and  above  158°  F. 

Hence  nothing  would  be  easier  than  to  sterilize  ob- 
jects  by  the  aid  of  heat,  were  it  not  that  a iiumber  of 
bacteria  are  endowed  with  a peculiar  property,  dis- 
covered  by  Robert  Koch  at  an  early  period  of  the  bac- 
teriological  era,  namely  that  these  bacteria,  under 
certain  well-defined  couditions — and  especially  when 
the  nutrient  medium  or  the  temperature  has  become 
unsuitable — are  able  to  produce  resting  forms  or 
spores.  These  bodies  are  highly  refractive  globules 
which  make  their  appearance  in  the  iuterior  of  the 
bacterial  cell,  and  survive  when  the  remainder  of  the 
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organism  at  length  undergoes  decomposition.  They 
will  also  reiiiain  unchanged  t’or  years  wheii  the  condi- 
tions  of  existeiice  are  unfavourable  : cold,  scarcity  of 
water  or  of  .food  ; and  otfer  strong  resistance  to  all  forms 
of  injury,  including  any  kind  of  disinfection.  In  thein- 
selves  they  do  not  possess  any  reproductive  faculty ; 
l)ut,  when  brought  into  a favourable  environment,  they 
will  germinate  again  into  the  true  bacterial  form,  the 
reproductive  powers  of  which  are  unimpaired.  In 
contrast  to  the  spore  form,  the  true  bacterial  form  is 
known  as  the  vegetative  form. 

The  fundamental  difference  between  spores  and  vege- 
tative forms  in  respect  of  the  fatal  influence  of  heat 
was  also  identified  by  Eobert  Koch  and  his  colleagues. 

According  to  their  description  of  the  case,  the  spores 
are  not  affected  in  the  least  by  temperatures  exceeding 
•212-  F.,  but  will  germinate  again  in  normal  fashion  on 
being  introduced  into  a nutrient  medium.  In  fact  the 
latent  vitality  of  the  spore  is  not  destroyed  until  a tem- 
perature  is  attained  at  which  the  entire  organic  sub- 
stance  begins  to  char — or  turn  brown  from  superficial 
carbonization,  as  in  the  case  of  cotton — namely  above 
*280°  F.  An  explanation  for  this  was  subsequently  af- 
forded  by  Eubner,  namely  that  white  of  egg,  which, 
when  dissolved,  coagulates  at  158°  F.  and  is  then  no 
longer  soluble,  may  be  heatedinthe  dry  state  to  248°  F. 
and  over  without  its  solubility  in  water  being  impaired. 
As  is  shown  by  their  high  power  of  refracting  light, 
bacterial  spores  consist  of  a highly  concentrated  pro- 
tein  ; and  their  behaviour  tow.ird  heat  proves  them  to 
be  nearly  anhydrous  in  the  ripe  condition.  On  the 
other  hand,  as  will  be^^een  later  on,  they  also  behave 
toward  moist  heat  in  a manner  analogons  to  dried 
white  of  egg,  namely  are  readily  destroyed. 
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Tlie  condition  of  caffiiirs  is  thercforc  as  follows;  vege- 
tative lonns  are  easily  kilied  hy  tciiipcratures  of  1 5H' 
to  '212°  F.,  resting  forins  only  at  temixiratures  a.\x)ve 
280°  F.  This  latter  temperature,  however,  is  ao  high 
that  verv  few  articles  in  general  use  can  he  expfjsed 
to  it  without  injury.  It  would  rapidly  evaporate  all 
liquids,  and  even  water  of  crystallization  or  hygroscopic- 
ally  combined  moisture,  thns  producing  extreme  desic- 
cation  of  the  articles  in  which  they  are  contained ; and 
all  orgauic  matter,  vegetable  or  animal  fibres,  would  be 
charred,  etc. 

Hence  the  only  articles  which  can  be  subjected  to  a 
temperature  high  enough  to  destroy  the  spores  as  well 
are  those  which  are  already  dry  and  capable  of  with- 
standing  heat.  Sterilization  by  heat  is  extensively 
employed  in  practice,  even  the  heating  of  metallic  in- 
strnments,  needles,  scalpels,  etc.,  in  a harne  constituting 
a kind  of  heat  sterilization.  Since  the  temperature  of 
any  harne  is  far  higher  than  that  needed.  to  destroy 
spores,  the  germs  with  which  the  harne  comes  in  con- 
tact  are  annihilated  at  once.  In  so  far  as  the  article 
is  heated  above  the  said  requisite  temperature,  reliable 
sterilization  is  attained,  and  since  the  heat  supply  from 
a harne  is  exceedingly  large,  only  a short  time  is  needed 
in  any  case  to  sterilize  even  the  interior  of  large  hol  low 
articles. 

It  will  also  be  clearl}^  evident  that  when  articles  are 
hurned,  as  is  universally  prescribed  in  the  regulations 
for  the  disinfection  of  mattress  straw,  rags  and  other 
worthless  ohjects,  the  disease  germs  also  will  be  de- 
stroyed. 

In  addition  to  tbis  somewhat  rough  and  ready 
method,  dry  heat  is  also  used  in  specially  constructed 
forms  of  apparatus,  such  as  are  chiehy  used  in  bacterio- 


PHYSICAL  PISINFEC’TION 


18 


logical  laboratories.  These  appliances  for  dry  steriliza- 
tion  consist  of  jacketed  boxes,  the  iiiterior  of  which  is 
intended  for  the  reception  of  glass  dishes,  tubes,  porce- 
lain  Utensils  and  heavy  metallic  instruments.  The  air 
in  the  jacket  spaces  is  heated  by  ineans  of  powerful 
Bimsen  biumers  or  other  source  of  heat ; and  in  this 


Fkj.  1.— Diy  Sterilizer 

ABCK,  Perforated  ga.spi[>e.s.  Z,  (las  cock.  H,  Articles  to  be 
disinfectüd.  S,  Flue  for  the  hot  gases  is.suing  from  the  jacket  space. 

way  the  walls  of  the  box  are  raised  to  a high  tempera- 
ture  (Fig.  1).  Whereas,  under  the  practical  condition 
hitherto  discussed,  the  physical  side  of  the  application 
of  heat  plays  a rnerely  subordinate  part,  the  manner  in 
which  the  heat  reaches  to  and  penetrates  into  the 
articles  to  be  disinfected  in  these  apparatus  is  a niatter 
of  soiue  importance.  In  dry  sterilization  the  whole  of 
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the  inner  walls  of  tlie  apparatus  form  the  source  of 
heat.  They  are  usually  made  of  dark-coloured  metal, 
in  Order  to  accelerate  the  heatin^^  of  the  disinfecting 
chamber,  since  dark  surfaces  transmit  a somewhat 
large  proportion  of  their  heat  by  radiation.  In  this 
manner  the  surfaces  facing  the  walls  are  very  quickly 
heated,  the  articles  being  then  heated  through  hy  con- 
duction,  both  from  the  VAalls  to  the  surface  of  the 
articles  and  between  and  through  the  articles  them- 
selves.  -The  collaboration  of  heat  conduction,  which  is 
a relatively  slow  method  of  transmission,  would  unduly 
prolong  the  time  required  for  disinfection  were  it  not 
that  the  internal  dimensions  of  the  apparatus  are  so 
choseu  that,  even  with  low  conductivity,  the  internal 
space  is  certain  to  hecome  heated  ahove  the  desired 
limit  of  temperature  within  twenty  to  thirty  minutes. 

Latterly  attention  has  again  been  directed  to  the 
question  of  the  possibility  of  obtaining  reliable  and 
protective  disinfection  by  the  use  of  hot  air  at  a tem- 
perature below  the  boiling  point  of  water.  The  first  to 
carry  on  experiments  in  this  direction  was  Schumburg, 
who  found  that  military  clothing  and  equipment— es- 
pecially  leather-trimmed  riding  breeches,  knapsacks, 
etc. — could  be  reliably  disinfected  without  injurv  in  a 
hot-air  chamber  at  about  ‘212°  F.  and  with  a relative 
humidity  of  about  55  per  cent.  For  disinfecting  books 
Bahner  proposed  to  employ  a temperature  of  203°  F., 
a relative  humidity  of  40  to  60  per  cent  and  an  exposure 
of  four  to  six  hours  ; but  Mosebach  and  Findel  obtained 
successful  results  with  a still  lower  temperature,  viz. 
165°-175°  F.  The  apparatus  required  for  such  disin- 
fective  treatment  is  very  simple,  and  may  consist  of  a 
sheet-iron  vessel  carefully  heated  from  the  outside, 
though  it  is  better  to  use  a box  of  the  kind  employed 


rHYSU’AL  DISINFKCTIUX 


15 


for  clx’y  sterilizing,  the  jacket  space  being,  however, 
tilled  with  water,  because  this  alters  ia  temperature  less 
cjuickh'  than  air.  In  Order  to  avoid  the  necessity  for 
continuous  observation  the  heatiug  is  regulated  by  an 
automatic  device  (see  p.  87).  The  desired  degree  ot 
lumiidity  is  obtained  by  placing  a larger  or  sinaller 
water  tray  in  the  bottom  of  the  apparatus. 

It  is  clear,  ab  initio,  that  spores  can  never  be  killed 
by  this  means,  though  it  has  beeu  reliably  proved  that 
all  vegetative  forms  are  destroyed.  As  will  be  evident 
from  the  foregoing,  the  treatment  relates  solely  to 
articles  of  use.  Except  in  rare  instances,  the  only 
sporogenic  bacteria  that  are  pathologic  in  man  are  an- 
thrax  and  tetanus  bacilli.  Of  the  other  disease  germs, 
two  in  particular  present  great  difficulty  in  the  matter 
of  disinfection  : the  tubercle  bacillus  and  staphylo- 

coccus.  The  first  named,  a slender  rod  and  the  cause 
of  tuberculosis,  has  a compact  epidermis,  which  contains 
a fatty  or  waxy  substance.  This  affords  the  bacillus 
extensive  protection  against  desiccation  and  various 
Chemical  agents,  though  the  power  of  resisting  heat  is 
not  rnuch  greater  than  in  other  bacteria,  the  wax-like 
mass  apparently  melting  between  60°  and  70°  C.  The 
staphylococcus,  which  is  the  cause  of  pus  in  wounds, 
blood  poisoning  and  puerperal  fever,  is  a small  globular 
bacterium,  the  individuals  forming  aggregations  similar 
to  bunches  of  grapes.  There  are  numerous  races  and 
Stocks  of  staphylococcus — including  non-pathogenic 
kinds — diftering  considerably  in  their  power  of  with- 
standing  external  infiuences,  sorne  of  them  being  almost 
equal  to  many  kinds  of  spores  in  this  respect.  d’hough, 
for  scientific  investigations,  it  is  necessary  to  ascertain 
the  resisting  properties  of  each  stock  of  staphylococcus, 
it  is  quite  correct  to  assume,  in  general,  that  the 
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staphylococci  are  among  the  most  higlily  resistant  of 
disease  genas  attacking  the  human  suljject. 

Both  these  hacterial  species  can  he  effectually  de- 
stroyed  hy  exposure  to  a temperature  of  75°  to  80  C. 
for  several  luiuutes ; and  this  treatment  will  also  kill 
all  other  vegetative  forms.  The  question  now  anses 
as  to  the  articles  that  can  best  be  treated  by  this  ineans. 

The  sporogenic  genns:  tetanus  and  anthrax,  trans- 
mit  infection  through  skin  wounds.  Consequently, 
such  articles  of  clothing — shoes,  riding  breeches,  gloves, 
für  caps,  etc. — which  come,  or  inight  come,  into  direct 
contact  with  the  skin,  cannot  be  reliably  disinfected  at 
75°  to  80°  C.,  since  this  treatment  does  not  destroy  the 
spores.  The  danger  threatened  by  these  spores  should 
not  be  held  in  such  light  esteem  as  is  usually  the  case; 
and  experience  shows  that  fürs  are  offen  infested  with 
the  spores  of  anthrax,  and  that  tetanus  spores  are  not 
infrequently  detected  in  boots.  For  outer  garments, 
on  the  other  hand,  this  method  of  disinfection  is  more 
suitable;  and  it  would  be  most  advantageous  in  the 
case  of  books,  were  it  not  for  a practical  obstacle. 

It  is  true  that  books  also  may  come  in  contact  with 
the  skin,  when  taken  into  the  hands  ; but  never  in  such 
a way  as  to  cause  a wound  by  pressure  or  rubbing. 
Consequently,  the  risk  of  infection  by  the  sporogenic 
germs  in  question  is  reduced  to  a minimum.  On  the 
other  hand,  books  are  feared  as  trausmitters  of  diseases 
which  spread  through  the  air,  and  especially  by  means 
of  atinospheric  dust : scarlet  fever,  measles,  smallix)x, 
tuberculosis,  diphtheria,  whooping-cough  and  influenza. 
At  present  the  germs  of  the  three  first-named  complaints 
are  still  unidentified,  but  it  is  certain  that,  like  the 
other  disease  germs,  they  do  not  prodnce  resting  forms 
of  the  spore  type.  Consequently,  all  these  germs  are 
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iiievitably  killed  by  a temperature  of  75”  to  80°  C.,  pro- 
vided  they  are  actually  exposed  to  such  temperature  for 
a certaiii  time,  not  less  than  half  an  hour. 

Tlie  last  proviso  is  not  superfluous,  the  physical  con- 
ditions  playing  an  important  part  in  this  connexion. 
Books  are  infected  not  merely  on  the  outside,  but  inside 
as  well ; and  in  Order  to  make  sure  that  they  are  really 
disinfected,  one  must  be  able  to  rely  on  the  necessary 
temperature  having  prevailed  in  all  parts. 

The  manner  in  which  the  books  get  warmed  right 
through  is  as  follows ; The  internal  spaces  of  the  hot- 
air  chamber  (box)  having  been  filled  with  the  books, 
the  jacket  space  is  heated,  and  the  heat  passes  from 
the  inner  walls  to  the  books  themselves,  by  radiation 
and  conduction.  The  darker  the  colour  of  the  surfaces, 
the  more  important  the  part  played  by  radiation ; but 
this  merely  transmits  the  heat  to  the  surfaces  nearest 
the  source  of  heat.  Conduction  takes  place  through 
the  intervening  stratum  of  air  to  the  nearest  surface, 
and  since  air  is  a bad  conductor  of  heat,  the  amount 
conducted  depends  entirely  on  the  thickness  of  that 
Stratum.  The  closer  the  books  are  to  the  wall,  the 
more  quickly  will  that  side  which  faces  the  wall  be- 
come  heated.  In  these  circumstances  the  surfaces 
farthest  away  from  the  walls  remain  cool  at  first. 

Hence  a technical  advantage  is  secured  by  taking 
measures  to  ensure  that  all  the  surfaces  are  bathed 
with  hot  air,  and  thus  heated  uniformly ; since  in  such 
case  the  heat  penetrates  into  the  interior  of  the  book 
from  both  sides  at  once,  and  the  book  is  warmed 
through  twice  as  quickly.  This  object  can  be  achieved 
by  placing  the  books,  singly  or  in  small  bundles,  in  a 
cnpboard  through  which  an  adequate  supply  of  properly 
heated  air  is  ])assed. 
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It  may  be  ol>jected  that  the  rate  at  whicli  the  warin- 
ing  through  is  effected  makes  no  practical  difference ; 
but  it  does.  Tbus,  if  a beating  cbainl)er  measuring  20 
inclies  each  way  inside  be  packed  full  of  books,  it  will 
take  quite  forty-eight  hours  to  wann  the  lot  right 
through,  the  transmission  of  heat  through  the  rnass  of 
books  proceeding  at  an  exceedingly  slow  rate  hecause 
effected  solely  by  conduction.  This  method  of  trans- 
mission,  already  slow  in  itself,  is  rendered  still  more  so 
by  the  material  of  which  the  books  are  coinposed, 
namely  vegetable  (and  partly  also  animal)  fibres,  which 
transmit  heat  only  about  fast  as  iron  or 

as  fast  as  silver.  The  air  is  a still  poorer  conductor 
thau  the  fibres,  and  the  more  porous  the  texture  of  the 
books,  the  greater  the  relative  difficulty  in  warming 
them  through. 

According  to  Findel,  the  presence  of  30  per  cent  of 
humidity  (produced  by  trays  of  water)  in  the  disinfect- 
ing  chamber,  is  more  favourable  to  the  Operation  than 
a lower  degree  of  humidity.  The  reason  for  this  has 
not  yet  been  elucidated,  and  it  must  be  left  an  open 
question  whether  the  more  favourable  results  are  not 
due  to  some  other  cause. 

Although  the  theoretical  and  practical  basis  for  the 
prophylactic  disinfection  of  books,  leather  goods,  etc., 
has  now  been  established  in  the  manner  described,  this 
method  of  disinfection  has  not  yet  succeeded  in  gaining 
any  adherents  in  practice.  The  reason  for  this  is 
the  comparatively  long  time  required  for  disinfection, 
amounting  to  twenty-four  to  forty-eight  hours  for  eveu 
small  apparatus,  and  the  considerable  quantity  of  heat- 
ing  power  needed  in  cousequence.  Added  to  this  are 
the  not  inconsiderable  technical  difficulties  in  the  supply 
of  heat  to  the  larger  apparatus,  such  as  would  be  needed 
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for  large  libraries  and  other  institutions  in  which  books, 
leather,  and  fürs  are  used. 

(h)  Moist  Heat  {Steam). 

I.  Ordinary  Steam. 

Dibinfecting  by  steam  heat  a very  convenient 
method  of  procedure.  At  the  ordinary  atmospheric 
pressure,  the  temperature  of  steam  that  has  not  been 
influenced  in  any  way  is  100°'C. ; and  all  that  is  neces- 
sary  to  heat  an  article  of  moderate  size  to  that  tem- 
perature is  to  place  it  in  the  steam  zone  of  a pan  which 
can  be  easily  covered  up  in  the  usual  way  and  in  which 
water  is  maintained  in  a constant  state  of  ebuUition. 
This  is  the  principle  of  the  old  Koch  steamer  (Fig.  2), 
the  only  special  feature  of  which,  apart  from  its  high 
shape,  is  that  it  is  covered  with  feit  to  prevent  loss 
of  heat. 

The  use  of  steam,  however,  possesses  certain  special 
and  very  important  advantages.  In  his  original  work, 
Robert  Koch  already  showed  that  bacterial  spores  be- 
haved  very  diöerently  in  presence  of  steam — or,  as  he 
termed  it,  “ moist  heat  ” — than  towards  dry  heat.  Most 
spores,  and  among  them  those  of  tetanus  and  anthrax, 
are  killed  by  steam  at  100°  C.  in  a few  minutes,  either 
by  the  material  of  the  spores  swelling  up  in  the  satu- 
rated  steam,  or  merely  by  the  fact  that,  under  these 
conditions,  the  rapid  drying  which  takes  place  in  dry 
heat  is  retarded.  This  case  also  is  aiialogous  to  the 
behaviour  of  dried  albumin,  which  is  coagulated  by 
direct  contact  with  steam,  and  is  thus  rendered  insol- 
uble.  It  is  true  that  many  spores — and  chief  among 
them  the  potato  bacilli  found  in  the  soil — cannot  be 
killed  by  a brief  exposure  to  steam,  but  require  treat- 
ment  for  several  hours.  'riiese  are  qiiite.  excc'ptionally 
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resistant  sptM-es,  wliich  require  to  be  dealt  with  another 
way. 

It  inay  be  interpolated  here  that  tlie  so-callwl  Irac- 
tional  process  of  sterilization  is  re- 
quired  for  steril i/.ing  nutrient  inedia 
for  bacteriological  purposes — a pro* 
cess  which,  of  course,  may  also  be 
eiiiployed  in  sterilizing  foodstuffs. 
The  vessels  containing  the  nutrient 
inedia  or  food  are  placed  for  a quarter 
to  half  an  hour  in  the  steamer,  this 
treatment  killing  the  vegetative 
fornis,  but  leaving  the  resistant 
spores  intact.  The  vessels  are  then 
left  for  twenty-four  houi's  at  room 
teinperature,  to  give  the  spores  an 
opportunity  of  gerininating  into 
vegetative  forins.  This  done,  the 
vessels  are  put  into  the  steamer  a 
second  time,  ■which  kills  the  new  vegetative  growth. 
As  a rule,  this  will  complete  the  sterilization,  though 
generally  the  steaming  is  repeated  once  more  after 
another  interval  of  twenty-four  hours,  to  provide  against 
the  contingency  of  auy  resting  forms  having  survived 
the  previous  treatment. 

The  biological  advantages  of  steam  disinfection  — 
namely  the  powerful  destructive  action  on  the  spores — 
is  accompanied  by  others  of  a physical  character,  con- 
sisting  mainlj'^  in  the  comparatively  short  time  required 
for  the  disinfection.  Directly  the  water  reaches  boil- 
ing  point,  steam  is  given  off  in  large  quantities,  and 
warins  all  the  articles  in  the  steam  zone  through  very 
quickly,  provided  the  same  are  permeable  to  steam. 

According  to  Kubnor,  a distinction  can  he  drawn 
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between  impervious,  porous  and  semi-porous  bodies. 
Now,  steaiu  can  ouly  penetrate  where  open  pores  (i.e. 
interstitial  air  spaces)  exist.  The  dass  of  porous  sub- 
stances  includes  all  textile  fabrics : silk,  wool,  cotton, 
linen,  jute,  hemp  (but  not  leather),  or  other  goods  made 
of  fibres,  strips,  or  hair.  These  are  in  general  easily 
penetrable  by  steam ; but  they  may  resist  penetration 
when  their  pores  are  not  open.  This  is  the  case  when 
the  air  spaces  are  restricted  by  the  goods  being  pressed 
intü  large  bales,  or  when  these  spaces  are  obstructed 
by  drops  of  water.  The  practical  consequence  is  that 
one  cannot  expect  large  bales  of  goods  to  be  disinfected 
right  through  to  the  centre  by  steam.  As  a matter  of 
fact,  even  after  prolonged  steaming,  the  temperature  in 
the  middle  of  the  bales  is  only  raised  very  slightly,  and 
therefore  no  germs  there  are  killed.  Hence,  only 
articles  that  are  dry  (in  the  ordinary  sense)  should  be 
subjected  to  steam  disinfection,  and  the  deposition  of 
steam  on  the  surface  of  the  articles  must  be  prevented. 
This  prevention  is  secured  by  warming  up  the  contents 
of  the  steaming  chamber  beforehand  by  dry  heat,  since, 
at  the  most,  only  small  quantities  of  steam  can  con- 
dense  on  warm  surfaces. 

The  manner  in  which  the  steam  penetratesinto  the  air 
spaces  is  also  important.  In  the  first  place  it  should 
be  mentioned  that  steam  at  100°  C.  is  only  about 
one-half  the  weight  of  air  at  20°  C.  (68°  F.)  and  only 
two-thirds  that  of  air  at  100°  C.  Consequently,  when 
steam  is  introduced  into  a closed  chamber,  it  rises  to 
the  top  and  collects  above  the  air  in  all  cases.  If  the 
cover  w'ere  provided  with  an  exhaust  pipe,  the  steam 
would  escapi!  through  it,  as  being  the  gas  in  nearest 
proximity.  In  oider  to  expel  the  air  froni  the 
chamber,  the  exhaust  pipe  must  be  situated  in  the 
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bottoni  of  the  latter,  in  which  event  thc  air  will  be 
driven  out  by  the  overlyiiif^  steam.  It  is  therefore  a<l- 
visable  to  admit  the  steam  into  the  top  of  the  sterilizer, 
as  it  does  not,  in  that  case,  mix  with  the  air  so  much 
as  if  it  bad  to  flow  through  the  latter,  this  mixing  with 
the  air  having,  as  will  be  seen  later,  an  adverse  in- 
fluence  on  the  efficiency  of  the  process.  The  provision 
of  an  outlöt  for  the  air,  in  the  bottom  of  the  apparatus, 
is  equally  essential,  since  otherwise  only  a small  quan- 
tity  of  steam  can  be  adinitted  into  the  apparatus, 
any  furlher  amount  either  escaping  through  leaks,  or 
eise  damming  back  the  supply  by  the  pressure  set  up. 
In  such  event  the  gaseous  contents  of  the  apparatus 
will  be  chiefly  composed  of  air. 

The  steam  penetrates  into  the  pores  of  the  articles  in 
the  same  way  as  it  enters  the  total  space,  namely  from 
above,  a fact  that  can  be  easily  demonstrated.  In  this 
case  also  the  driving  force  is,  of  course,  the  difference 
in  the  specific  gravity  of  steam  and  air.  On  the  öther 
hand,  it  is  again  essential  that  the  air  should  be  able 
to  escape  downwards  ; for  if  this  be  impossible,  owing 
to  the  pores  being  choked  or  constricted,  no  steam  can 
enter  them. 

The  Penetration  of  steam  into  the  pores  is  facilitated 
by  the  circumstance  that  most  materials  are  hygro- 
scopic  (i.e.  absorb  moisture).  Deposition  of  water  also 
invariably  occurs  in  the  pores,  because  at  first  the  in- 
terstitial  spaces  are  not  as  hot  as  the  steam.  This 
water,  however,  is  at  once  re-evaporated  by  the  on- 
coming  steam.  The  condensation — even  though  slight 
— in  the  pores,  always  caused  a reduction  in  pressure, 
which  favöurs  the  penetration  of  steam — a circumstance 
which  may  hel]i  to  account  for  the  rapidity  with  which 
porous  articles  are  permeated  hy  steam. 
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In  auy  case,  steain  disinfection  is  a quick  process, 
the  air  being  expelled  from  the  apparatus  and  pores  in 
a few  minutes  when  the  apparatus  is  properly  con- 
structed.  The  rate  at  which  this  is  eöected  depends 
un  the  quantity  of  steani  admitted  per  unit  of  space  in 
unit  time.  A large  apparatus  naturally  requires  more 
steam.  In  the  case  of  large  articles  with  complicated 
internal  spaces — articles  of  clothing  and  bedding — ^the 
expulsion  of  the  air  is  retarded  to  soine  extent ; but  il 
may  be  taken  for  granted  that  unless  the  steam  has 
thoroughly  peuetiated  within  half  an  hour,  it  will  not 
do  so  at  all  owing  to  one  or  other  of  tbe  causes  men- 
tioned  above. 

Such  cases  do  occur  in  practice,  the  bundles  of  goods 
linder  treatment  being  too  large,  or  damp,  or  excessive 
surface  condensation  having  occurred  in  the  apparatus 
from  some  cause  or  other.  It  is  therefore  easy  to 
understand  the  desire  for  possessing  soine  means  of 
ascertaining  whether  the  interior  of  the  articles  under 
treatment  has  been  effectually  disinfected.  AVherever 
the  steam  comes  into  action  a temperature  of  100°  C. 
must  necessarily  prevail,  whereas  the  parts  untouched 
by  the  steam  are  only  slightly  warmed  (owing  to  the 
slow  conduction).  If  one  can  be  certain  that  the 
steam  temperature  has  actually  been  attained  in  the 
portions  rnost  dihicult  of  access,  it  will  be  equally  cer- 
tain that  the  bacteria  have  been  destroyed.  In  order 
to  check  the  temperature,  various  proposals  have  been 
advanced  ; but  only  two  have  found  practical  application. 
The  first  of  these  consists  of  a small  cylindrical  vessel, 
partially  filled  (to  about  5)  with  a substance  of  known 
melting  point  - phenandrene,  with  a melting  ])oint  of 
08  ('.  being  iised  in  the  case  of  saturated  steam,  and 
pyrocatcchin  (in.p.  lO.I  C.)  for  high-priissure  steam. 
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The  mass  naturally  solidifies  in  the  bfjttoiu  of  the 
cylindrical  vessel  which,  for  the  purpose  of  checkinj^ 
the  temperature,  is  placed  vertically  (but  upside  downi 
in  the  centre  of  the  material  ander  treatment.  If,  at 
the  close  of  the  disinfecting  process,  the  rnass  is  found 
to  have  run  down  to  the  bottom  of  the  cylinder,  its 
melting  point  has  evidently  been  exceeded  in  the  centre 
of  the  material,  and  therefore  the  latter  has  been  hot 
enough  for  the  purpose  in  view. 

Unfortunately,  this  simple  method  is  attended  with 
the  drawback  that  the  repeated  meltings  alter  the  melt- 
ing  point  of  the  mass  to  such  an  extent  that  it  sfjon 
becomes  unreliable  as  a thermometer.  For  this  reason, 
the  alternative  and  more  reliable  method  is  now  fre- 
quently  used.  This  consists  in  embedding  a maximum 
thermometer  in  the  middle  of  the  articles  ander  treat- 
ment, the  temperature  attained  being  either  read  off 
direct,  or,  better  still,  by  the  aid  of  a signalling  de- 
vice,  consisting  of  an  electric  bell  thermometer,  the  con- 
tact  of  which  is  set  to  operate  at  100’  C.  (or  any  other 
desired  temperature).  The  wires  are  led  externally  to 
a bell  and  are  connected  with  a battevy.  When  the 
steam  penetrates  to  the  thermometer,  the  mercury 
column  rises  and,  on  reaching  100°  C.,  touches  the 
contact,  the  circuit  being  thus  completed  and  the  bell 
rung.  All  that  is  then  necessary,  therefore,  is  to  wait 
a suÖicient  time  for  the  destruction  of  the  spores. 

This  method  of  disinfecting  with  ordinarv  steam  at 
100°  C.,  based  on  the  principles  enunciated  above,  has 
attained  considerable  practical  importance,  owing  to  its 
rapidity,  effectiveness  and  harmlessness  for  most  arti- 
cles of  use,  bandages,  bedding,  clothing,  coverlets,  etc., 
being  chiefly  sterilized  in  this  manner.  On  the  other 
hand  it  cannot  be  used  for  leather,  fürs,  delicate  fabrics, 
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fine  colours,  ladies’  liats,  sized  and  other  susceptiblc 
niaterials.  Apparatus  of  all  sizes  can  be  met  with  in 
use,  two  patterns  being  worthy  of  special  luention  as 
the  most  populär  and  typical.  One  of  them,  a small 
apparatus,  is  suitable  for  sterilizing  bandages,  operating 
Overalls,  etc.,  and  consists  of  a,  geuerally  cylindrical, 
jacketed  box,  fitted  with  a cover. 

The  materials  to  be  disinfected  are  piled  up  loosely 


Fig.  3. — Apparatus  for  Steani  Disiufectiou. 

A,  Boiler.  B,  Disinfecting  chainber.  C,  Rack  for  article.s 
to  be  disinfected.  D,  Condenser. 

in  the  internal  space,  which  is  provided  underneath 
with  an  exhaust  pipe.  The  lower  part  of  the  jacket 
Space  is  filled  with  water,  and  when  this  is  heated,  the 
resulting  stearn  ascends  through  the  jacket  .space,  heat- 
ing  the  inner  walls  and  thereby  the  whole  of  the 
chamber  (warrning  up  stage). 

This  .steam  then  enters  the  chainber  through  per- 
forations  in  the  top  of  the  inner  wall,  and  drives  the 
air  down  ward. 
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The  second  pattem  ■},  and  ö)  is  for  disin- 

fection  on  tlie  large  scale  in  hospitals  and  disinfecting 
stations.  The  disinfection  chaniher  is  generally  large 
enough  to  accoinmodate  a whole  bed.  It  is  built  in  a 
partition  wall  and  is  provided  with  two  openings  into 
two  different  rooms,  one  for  the  dirty  articles  and  the 
other  for  their  reception  after  disinfection.  The 
articles  are  taken  out  of  the  chamber  into  this  second 
i’oom  by  a different  attendant  from  the  one  who  puts 


Fit!.  4. — Apyarabus  for  Steam  Disinfection  (closed). 

thein  into  the  chamber.  This  arrangement  is  intended 
to  prevent  re-infection  of  the  disinfected  articles.  In 
addition  to  the  exhaust  pipe,  the  bottom  of  the  chamber 
is  provided  with  radiators,  which  can  be  heated  to 
100°  C.  by  steam,  for  the  purpose  of  warming  up  the 
chamber  and  its  contents,  and  also  for  drying  the  damp 
articles  when  air  is  admitted  to  the  chamber  after  the 
Operation  is  completed.  The  steam,  which  cun  be  sup- 
plied  from  any  boiler,  quite  as  well  as  from  a special 
generator,  is  used  for  dry  heating  in  the  radiators,  and  is 
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adiuitted  into  the  top  of  thc  cliaiiiber  lor  disiiifecting. 
When  pi’operly  worked,  these  apparatus  act  ([uite  satis- 
factorily. 

The  properties  of  water  vapour  are  due  to  its  tcinper- 


Fn;.  5. — Ijauteiischläger  Apparatus  for  Steam  Disiufection,  with 
Steam  ( ienerator. 

II,  Disinfection  chamher.  I>,  8teain  generator.  c,  Fced  tauk. 
il,  Air  healer.  r,  Steam  iiijector  for  evacuabiug  tho  chaniber. 
/,  Mercury  safety  gauge.  f,  Thermometer. 

ature  and  huinidity.  Tliis  explains  both  its  advantages 
and  drawbacks,  not  only  in  the  case  of  ordinary  water 
vapour,  given  off  at  the  normal  atmosplieric  ])ressure,  hut 
also  in  the  easc  of  all  kiiids  of  artiticially  geiierated  steam. 
A distinction  must  he  drawn  hetweeii  pure  sleani 
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and  such  as  is  adniixcd  with  air,  the  first  named  again 
heilig  divided  into  ordinary,  high-pressure,  superheated 
and  attenuated  (sub-uornial  pressure)  steam.  The  de- 
cisive  advantage  of  the  stearning  process  is  undoubte^lly 
its  power  of  destroying  spores ; and  in  this  respect  the 
different  kinds  of  steam  must  he  compared. 

2.  Impure  Steam. 

The  temperature  of  the  steam  is  not  reduced  to  any 
great  extent  by  its  contamination  with  air,  the  latter 
(itself  already  warmed)  mixing  so  intimately  with  the 
steam  that  it  soon  attains  the  same  temperature.  On 
the  other  band,  the  presence  of  this  air  lowers  the 
humidity  of  the  mixture,  since  the  steam  only  brings 
with  it  sufficient  moisture  to  saturate  the  space  it  occu- 
pies  itself.  This  assumption  also  corresponds  with 
Kubner’s  observation  that  when  steam  contains  8-4 
per  Cent  of  air  the  time  required  to  kill  the  spores  of 
anthrax  is  prolonged  from  one  to  three  minutes, 
whereas  with  20  per  cent  of  air  the  spores  are  not  de- 
stroyed  at  the  end  of  three  hours.  This  proves  that 
whilst  the  presence  of  up  to  10  per  cent  of  air  in  the 
steam  considerably  weakens  its  disinfectant  action,  it 
still  remains  effective ; but  that,  on  the  other  hand,  a 
higher  percentage  of  air  renders  the  steam  inoperative. 
One  still  occasionally  comes  across  apparatus  in  which 
the  steam  is  liberated  over  an  extensive  surface  at  the 
bottom,  and  in  ascending — frequentty  retarded  by  the 
piled  up  ar ticles  under  treatment — is  obliged  to  become 
mixed  with  a large  proportion  of  air.  In  such  cases  a 
careful  examination  would  always  reveal  the  inelhciency 
of  the  process.  In  the  case  of  modern  types  of  ap- 
paratus, in  which  the  steam  is  admitted  from  above, 
this  defect  is  precluded. 
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3.  Superheated  Steam. 

^^’heu  steaiu  is  allowecl  to  tiow  through  or  over  a 
heated  pipe,  it  becoiiies  superheated,  that  is  to  say,  its 
temperature  is  raised,  its  proportion  of  inoisture,  how- 
e\"er,  remaining  unchanged.  However,  since  a larger 
iiumber  of  partiales  of  water  are  needed  to  produce 
satui-ation  at  the  higher  temperature,  this  heating  desatu- 
rates  the  steaiu  and  thus  deprives  it  of  an  eftective  weapon 
of  attack  on  the  life  of  bacterial  spores.  In  this  condition 
it  can  inerely  act  as  a dry  gas ; and  every  experiment 
shows  that  superheated  steam  has  only  just  the  same 
disinfecting  power  as  air  at  the  same  temperature,  i.e. 
it  does  not  begin  to  destroy  spores  until  above  140 °C. 
(•284°  F.).  Hence,  for  practical  purposes,  superheated 
steam  is  out  of  the  running,  since  it  öfters  110  advantages 
over  the  more  easily  prepared  hot  air. 

4.  Steam  under  Pressure. 

The  conditions  are  different  with  the  steam  produced 
when  water  is  boiled  under  a pressure  exceeding  that 
of  the  atmosphere.  Whereas  at  mean  atmospheric 
pressure  (7(50  mm.  mercury  gauge),  water  boils  at 
100°  C.,  the  boiling  point  increases  with  the  pressure, 
so  that  when  the  latter  reaches  two  atmospheres  (20  . t Ib. 
|)er  sijuare  incli),  the  water  does  not  begin  to  boil  below 
121°  C.,  and  with  a pressure  of  three  atmospheres,  at 
ldö°  C.  An  increased  (or  diminished)  pre.ssure  can  only 
be  set  up  in  a hermetically  closed  vtssel,  since  other- 
wise  the  normal  atmosphericpressurewouid  be  autoniatic- 
allv  restored.  Such  increased  or  diminished  pressure 
can  be  obtained  in  such  a closed  vessel  by  forcing  in 
(or  drawing  out)  air  into  (or  from)  the  space  aliove  the 
water  l>y  means  of  an  air  pnni]).  ft'he  niost  convenient 
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way,  however,  of  increasing  the  pressure  is  hy  allowing 
the  disengaged  steam  to  accuinulate,  all  that  is  neces- 
sary  being  to  heat  the  boiler  and  see  that  it  is  prf)p<  rly 
closed.  As  soon  as  the  boiling  point  of  water  (at  first 
100°  C.)  is  reached,  steam  is  generated  in  large  quan- 
tities,  and  when  this  steam  is  prevented  from  escaping 
it  is  bomid  to  become  compressed  in  proportion  as  the 
amount  of  water  converted  into  steam  by  the  heat  of  the 
boiler  increases.  This  compression  of  the  steam  increases 
the  steam  pressure,  which  in-  turn  raises  the  boiling 
point  of  the  water  and  therefore  the  temperature  of  the 
steam  itself.  The  question  whether  the  water  becomes 
progressivelj'^  heated  above  the  constantly  increasing  boil- 
mg  point  will  depend  on  the  way  the  boiler  is  fired.  If 
a very  hot  fire  is  maintained  the  pressure  might  rise  to 
such  a degree  as  to  hurst  the  boiler  were  it  not  that  all 
such  boilers  are  obliged  to  be  fitted  with  a safety  valve, 
and  must  also  be  tested  for  their  strength. 

The  two  properties,  Saturation  and  temperature,  also 
come  in  question  for  the  disinfecting  action  of  steam 
under  pressure.  This  steam,  being  saturated,  is  there- 
fore not  inferior  to  ordinary  steam  in  this  respect ; and, 
being  hotter  than  the  last  named,  must  therefore  be 
Superior  to  it  on  the  whole.  The  hotter  the  steam,  the 
greater  its  power  of  killing  spores.  For  example,  the 
spores  of  the  most  highly  resistant  hay  or  potato 
bacilli,  which  are  not  destroyed  by  steam  at  lOtV  C.  in 
an  hour,  are  killed  by  steam  at  a pressure  of  two  at- 
mospheres  (temperature  121°  C.)  in  about  twenty 
minutes,  and  in  a still  shorter  time  when  the  steam 
pressure  is  higher. 

A large  number  of  modern  apparatus  for  disinfecting 
and  sterilizing  are  arranged  on  this  principle,  though 
mostly  for  working  at  only  100°  to  110  C.,  which 
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correspuncl  to  pressures  of  8 to  7 ,V  Ib.  per  scjuare  iiich. 
Some  apparatus,  however,  the  so-called  autoclaves  (Fig. 
()),  are  constructed  to  work  at  steam 
pressures  up  to  three  atuiosplieres. 

Tliey  are  general  ly  arranged  on  the 
liues  of  the  steaiuers  already  de- 
scrihed  (p.  •25),  that  is  to  say,  with 
a jacket  space  for  generating  the 
steam  ; hut  they  must  meet  the  con- 
ditions  exacted  of  boilers  constructed 
to  work  at  the  corresponding  pres- 
sure, namely  pass  official  tests  and 
he  fitted  with  safety  valves.  It  must 
he  clearly  rememhered  that  the  same 
remarks  apply  to  all  these  steamers 
as  to  the  ordinary  forms,  namely  that 
Provision  must  he  made  for  the  escape 
of  air  from  the  interior,  if  the  action 
is  to  he  effective,  that  is  to  say,  the 
vessel  must  not  he  hermetically  sealed 
until  the  steam  begins  to  issue  from 
the  hottoni,  thus  denoting  that  all  the 
air  has  heen  expelled. 


Autoclave. 
B,  Cover. 


Fj(!.  6 — 

A,  Casiuü 

D,  Wiug  nuts  for 
clo.sing  the  vessel 
hermetically.  C, 
Set  screw  for  ad- 
justiug  to  the 
desired  maxiimim 
pressure  « itli  the 
ai<l  of  a special 
pointer  oii  the 
gange  dial.  K, 
Pressure  gange. 
F,  Gas  pipe.  11, 
Safety  valve.  G 
J,  Pressure 
gauge  tuhe. 


5.  Low-temperature  Steam. 

Until  recently,  this  dass  of  steam 
was  of  merely  theoretical  interest ; 
hut,  in  comhination  with  Chemical 
disinfectants,  it  has  latterly  attained  considerahle  im- 
portance.  (For  this  comhination  see  p. 

Therc  is  only  one  way  to  ohtaiii  saturated  low-tem- 
perature  steam,  namely  hy  lowering  the  pres.sure  ovei- 
the  water  to  he  evaporated.  As  iiicreased  pressure 
raises  the  hoiling  point  of  wahir,  so  rediiced  laesstire 
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lower.s  it.  On  high  mountaiiis,  where  the  atmospheric 
pressure  is  below  the  normal,  water  no  longer  requires 
heating  to  100°  C.  to  cause  it  to  boil,  ebullition  taking 
place  at  a lower  temperature.  If  one  half  the  air  in  a 
hermetically  closed  boiler  he  evacuated  by  pumping, 
saturated  steam  at  90°  C.  can  be  generated  by  the  ap- 
plication  of  heat.  In  such  case,  however,  the  liberated 
steam  will  replace  the  evacuated  air,  and  soon  bring 
the  pressure  up  to  the  normal  again,  and  the  boiling- 
point  and  steam  temperature  will  rise  to  100"  C.,  and 
even  higher  in  a hermetically  closed  vessel.  Conse- 
quently,  to  continue  working  at  diminished  pressure 
for  any  length  of  time,  it  is  necessary  to  keep  the  air 
pump  running  continuously  and  drawing  off  the  steam 
as  generated.  The  method  of  firing  the  boiler  must 
also  be  harmonized  with  the  working  of  the  air  pump, 
their  action  being  mutually  opposed.  The  heat  gener- 
ates  steam  and  thus  tends  to  equalize  the  pressure, 
whilst  the  pump  endeavours  to  reduce  the  pressure  still 
lower ; and  consequently  these  two  opposing  forces 
must  be  brought  into  equilibrimn. 

In  Order  to  obtain  some  idea  of  the  relation  between 
the  boiling  point  of  water  and  the  natural  or  artificial 
increase  or  decrease  in  pressure,  the  following  extract 
from  the  tables  compiled  in  this  connection  is  now 
given  (see  opposite). 

With  regard  to  the  efficiency  of  steam  under  reduced 
pressure  as  a disinfectant,  Hühners  investigations  have 
shown  that  saturated  steam  at  a temperature  a few 
degrees  below  100°  C.  has  almost  the  same  eflfect  on 
spores  as  steam  at  100°  C.  Between  90  and  95°  C. 
this  action  diminishes  appreciably  and  at  about  80°  C. 
the  steam  entirely  loses  its  power  of  destroying  spores. 
Steam  under  these  conditions  has  the  same  elfect  on  vege- 
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ik>iling  poiut. 
1 °C. 

l^essure. 

mm. 

Boiling  point. 
°C 

l^ressurt*. 

mm. 

1) 

40 

95 

034-0 

10 

9-2 

100 

700-0 

20 

17-4 

105 

900-4 

30 

310 

110 

1075-4 

40 

55 ’O 

115 

1209-4 

50 

92-2 

120 

1491-0 

(iO 

149-2 

125 

1744-0 

70 

233-8 

130 

2030-0 

80 

355 ‘5 

135 

2280-0 

85 

433-8 

140 

2718-0 

!KJ 

520  0 

145 

3125-0 

150 

3581-0 

tative  forms  as  hot  air  at  corresponding  temperatures — 
but  this  point  does  not  come  into  consideration  at  present. 
Consequently  no  effective  disinfection  can  be  produced  by 
low-temperature  steam  if  the  temperature  is  reduced  to 
any  considerable  extent. 

Varied  as  are  the  applications  of  steam  disinfection 
in  the  case  of  porous  articles,  it  is  unsuital)le  in  many 
cases.  In  the  first  place,  it  must  be  applied  in  some 
form  of  apparatus,  so  that,  in  general,  articles  of  very 
large  size  cannot  be  treated  ; and  secondly,  its  high  tem- 
perature— which  is  essential  to  success — is  not  always 
free  froin  the  risk  of  injuring  the  articles  treated. 

Leather,  for  instance,  in  particular,  will  not  stand 
high  temperatures.  Some  kinds  of  leather  .shrink  up  even 
at  140°  F.  (G5°  C.)  to  about  one-third  their  original  size 
and  become  stiffly  elastic,  for  instance  the  tanned  skins 
of  wild  animals,  usually  employed  for  making  gloves. 
Other  kinds  of  leather  are  also  damaged  hy  slightly 
higher  temperatures,  so  that  hoots,  gloves  and  other 
leather  goods  come  out  of  the  steam  disinfecting  appa- 
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ratus  in  a completely  slirunken  condition  and  unfit  for 
furtber  use.  The  same  remarks,  as  will  be  readily 
evident,  also  apply  to  fürs. 

Fine  fabrics  are  also  destroyed  by  steaming;  and 
many  dyes  tbat  will  not  properly  stand  washing  are 
dissolved,  even  fast-washing  colours  being  extracted. 
Sized  articles  lose  tbeir  stiffness  ; docunients  are  warped 
and  the  ink  caused  to  “run”;  books  sufifer  damage  in 
several  respects,  tbe  leather  bindings  shrinking,  the 
size  being  extracted,  the  leaves  warped  and  the  letter- 
press faded,  and  for  the  most  part  they  fall  to  pieces 
after  the  Operation  of  steaming.  Blood  stains  on  linen 
and  clothing  are  burnt  in  so  effectually  as  to  be  no 
longer  eradicable.  It  should  also  be  mentioned  that 
flowers  and  leaves  are  completely  destroyed  by  steam- 
ing, as  it  bas  occasionally  been  proposed  to  disinfect 
wreaths  or  the  like  by  this  means. 

It  is  of  no  little  importance  that  the  effects  of  steam 
at  boiling-point,  and  also  at  slightly  higher  and  lower 
temperatures,  should  be  known,  since  this  knowledge 
will  enable  considerable  losses  to  be  avoided  in  practice. 

(c)  Hot  Liquids. 

After  what  bas  been  stated  vdth  regard  to  steam, 
the  disinfecting  action  of  these  liquids  will  easily  be 
comprehended. 

I.  Water. 

To  begin  with  the  means  most  frequently  employed 
in  daily  hfe,  namely  hot  water,  its  efficiency  may  be 
briefly  described  by  the  statement  that  it  has  exactly 
the  same  disinfecting  power  as  steam,  the  same  pre- 
Hminary  conditions — same  temperature  and  complete 
humidity — being  present.  This  identity  of  action  is 
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not  restricted  to  water  boiling  at  ordinary  atinospheric 
pressure  (21*2°  F.),  but  extends  also  to  all  conditions 
whether  induced  by  natural  or  artificial  means.  When 
water  is  boiled  under  high  pressure,  as  in  the  Papin 
digester,  its  disinfecting  properties  are  intensified  in 
precisely  the  same  way  as  those  of  the  resulting  steam  ; 
and  when  boiled  under  diminished  pressure,  at  high  al- 
titudes,  the  effect  of  the  hot  water  is  reduced  like  that 
of  steam. 

Under  normal  conditions,  i.e.  a barometric  pressure 
of  760  mm.,  the  vegetative  forms  of  bacteria  are  killed 
almost  instantly,  and  most  spores  perish  in  a few 
minutes.  In  any  event  the  chief  sporogenic  organisms 
that  are  pathogenic  to  the  human  subject  (the  bacilli  of 
anthrax  and  tetanus)  can  be  counted  upon  with  cer- 
tainty  to  be  killed  in  two  to  three  minutes,  as  a general 
thing,  or  at  latest  in  fifteen  minutes.  Consequently  the 
prescription  of  boiling  for  half  an  hour,  in  practical 
Work,  will  certainly  be  ample  to  ensure  complete  dis- 
infection. 

Boiling  water  is  chiefly  used  in  practical  disinfection, 
for  sterilizing  Instruments  and  ordinary  body  linen,  for 
two  reasons : in  the  first  place,  the  apparatus  required 
is  simple,  any  ordinary  tub  being  sufficient,  since  the 
water  expels  all  the  air  out  of  the  pores  from  below, 
and  not,  like  steam,  entering  the  articles  from  above ; 
secondly,  because  the  boiling  water  wets  the  articles 
right  through,  dissolving  and  washing  out  all  dirt  and 
other  contaminating  substances. 

The  vessels  used  for  sterilizing  surgical  instrmnents 
are  merely  boiling  pans  adapted  to  the  special  require- 
raents  of  the  Instruments  under  treatment ; that  is  to 
say,  they  are  of  elongated  shape  (Fig.  7),  like  fish 
kettles,  in  Order  to  accominodate  long  Instruments,  and 
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7. — Apparatus  for  Sterilizing 
In.sti'umeuts. 


usually  narrow,  so  as  to  econoinize  space,  water,  and 
therefore  heating  material.  A small  quantity  of  car- 

bonate  of  soda  is  usu- 
ally  added  to  the  water, 
but  merely  fo.r  the 
purpose  of  preventing 
metal  parts  from  rust- 
ing. 

Boiling  water  is  also 
employed  for  sterilizing 
foodstuffs.  For  this 
purpose,  however,  the  water  does  not  exert  any  direct 
germicide  action,  but  serves  merely  as  the  source  of 
heat,  the  actual  disinfection  being  effected  by  the 
liquids  contained  in  the  foodstuffs  themselves,  which 
liquids  are  heated  to  the  temperatm’e  of  the  boiling 
water.  The  method  is  a very  convenient  one,  since 
it  guarantees  the  attainment  of  a well-defined  and  in- 
variable temperature,  viz.  212°  F.  The  best  known 
example  of  this  method  is  that  of  Soxhlet  for  steriliz- 
ing milk,  the  full  bottles  of  milk  being  placed  in  boiling 
water,  where  the  milk  is  quickly  raised  to  nearly  212°  F. 
and  freed  almost  entirely  from  germs.’ 

Other  foodstuffs  can  be  rendered  free  from  germs  in 
the  same  way.  The  method  is  very  useful  for  protect- 
ing  the  contents  of  vessels  from  subsequent  contamina- 
tion  and  for  preventing  the  germination  of  residual 
spores. 

These  remarks  will  show  clearly  how  far  the  use  of 
hot  water,  below  212°  F.  is  advisable  for  disinfection. 


* The  only  spore.s  remaining  alive  iu  the  milk  are  those  of  highly 
resistant  hay  and  potato  bacilli,  and  frequently  those  of  a butjTic 
bacillus,  which  germinate  between  ü0°  and  96°  F.  (15°-67°  C.)  and 
are  «ipable  of  .spoiling  the  milk. 
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For  the  destruction  of  the  vegetative  forms,  a tempera- 
ture  of  158°  F.  (70°  C.)  is  sufficient,  and  in  some  cases 
less,  wnth  an  exposure  of  about  fifteen  minutes.  In 
Order  to  destroy  spores,  however,  the  heat  in  any  case 
must  attain  or  exceed  203°  F.  (95°  C.). 

The  simplest  way  of  maintaining  water  at  these 
temperatures  is  by  regulating  the  source  of  heat,  for 
which  purpose  an  automatic  thermoregulator  can  be 
employed  when  gas  is  used. 

This  thermoregulator  consists  of  a tubulär  vessel, 
half  filled  with  mercury,  and  having  a narrow  tube  in- 
serted  into  it  from  the  top.  This  narrow  tube  is  open 
at  the  lower  end  and  can  be  lowered  to  any  desired 
depth.  The  gas  flows  through  a connection  into  the 
outer  tube  above  the  mercury,  but  can  only  escape  to 
the  burner  through  the  open  lower  end  of  the  inner 
tube,  the  regulator  being  hermetically  closed  in  every 
other  part.  The  regulator  is  placed  in  the  water,  and 
as  the  temperature  of  the  latter  increases,  the  mercury 
expands  and  rises  in  the  outer  tube.  When  the  de- 
sired temperature  is  attained,  the  inner  tube  is  adjusted 
so  that  its  open  lower  end  nearly  touches  the  surface 
of  the  mercury,  whereupon  any  further  rise  in  the  tem- 
perature of  the  water  will  cause  the  mercury  to  ascend 
and  shut  off  the  gas  supply,  so  that  no  further  applica- 
tion  of  heat  takes  place  until  the  water  has  cooled 
down  again  and  the  mercury  has  sunk  far  enough  to 
re-admit  the  gas  to  the  burner.  This  play  is  soon 
reduced  to  such  narrow  limits  that  the  temperature  of 
the  water  becomes  practically  constant.  This  is,  briedy, 
the  principle  of  the  thermoregulator.  In  the  usual 
fonns,  certain  slight  technical  improvements  are  pro- 
vided,  such  as  a slotted  opening  at  the  bottom  of  the 
inner  tube,  so  that  the  gas  supply  may  be  shut  off 
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gradually  and  the  adjustment  to  a given  temj;>erature 
facilitated. 

Theoretically,  at  least,  it  seems  feasible  tn  control 
the  temperature  of  the  water  by  lowering  the  pressure 
and  thus  ensuring  a lower  boiling-point  which  cannot 
of  course  be  exceeded  so  long  as  the  partial  vacuum  is 
maintained.  This  arrangement  would  have  the  ad- 
vantage  that,  as  the  result  of  ebullition,  the  liquids 
would  become  uniformly  heated  all  through  in  a very 
short  time.  Another  advantage,  and  by  no  means  the 
smallest  from  the  practical  standpoint,  is  that  the  vege- 
tative forms  of  bacteria  are  destroyed  more  rapidly  in 
a boiling  liquid  than  in  a quiescent  liquid  of  the  same 
temperature.  The  reason  for  this  difference  is  still 
obscure,  and  would  take  up  too  much  space  to  be  gone 
into  here.  In  the  case  of  water  boiling  under  ordinary 
pressure,  at  212°  F.,  such  difference  cannot  be  detected, 
the  destruction  of  the  vegetative  forms  taking  place  too 
quickly  to  permit  the  time  required  being  measured  ; 
and  since  there  is  no  dif&culty  in  killing  the  vegetative 
forms,  no  one  would  ever  think  of  resorting  to  such  a 
clumsy  and  difficult  device  as  employing  a partial 
vacuum. 

2.  Pasteurization. 

In  addition  to  boiling  water,  water  that  has  been  heated 
to  any  other  temperature  may  be  used  as  the  source  of 
heat  for  disinfecting  substances  containing  moisture, 
especially  foodstuffs.  Such  a method  is  largely  used 
in  the  home  and  in  factories  for  sterilizing  preserves  in 
tins  or  glasses,  in  the  case  of  foodstuffs  which  cannot 
stand  heating  to  212°  F. 

This  method  is  most  frequently  used  for  milk,  and 
is  generally  knownas  pasteurization,  after  Louis  Pasteur 
who  invented  it  for  improving  the  keeping  properties 
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of  milk  and  beer.  It  is  true  that  the  term  is  not  re- 
stricted  to  the  use  of  a water-bath  at  a temperature 
below  212°  F.  for  the  treatment  of  milk,  but  is  gener- 
ally  applied  to  warming  the  liquid  up  to  between  140° 
and  203°  F.,  for  the  purpose  of  sterilization.  In  most 
cases,  however,  the  water-bath  is  used  as  being  the 
simplest  means  of  producing  a constant  temperature. 

As  compared  with  “sjalding”  milk,  the  object  of 
pasteurization  is  to  prevent  the  changes  set  up  in  milk 
by  boiling,  and  especially  the  appearance  of  the  “ boiled 
taste,”  and  the  formation  of  the  skin  consisting  of  co- 
agulated  lactalbumin.  These  changes  occur  at  the  co- 
agulation  temperature  of  albumin,  156°  to  158°  F., 
and  therefore  any  method  in  which  these  changes  are 
to  be  prevented,  must  work  at  a lower  temperature. 
The  question  is  now,  what  is  pasteurization  to  effect? 
From  the  consumer’s  standpoint,  the  elimination  of 
disease  germs  is  the  prime  consideration.  In  this  Con- 
nection, experiment  has  shown  that  milk  must  be  ex- 
posed  to  a temperatm-e  of  153°  F.  for  half  an  hour  in 
Order  that  the  disease  germs  present  therein  may  be 
killed  with  certainty.  These  germs  are  mainly  those 
of  tuberculosis  and  of  the  diseases  localized  in  the 
digestive  tract:  typhus,  dysentery,  and  ptomaine  poison- 
ing.  All  other  germs  contained  in  milk  are  either 
more  easily  destroyed  by  heat,  or  eise  are  harmless  to 
the  human  subject.  Any  staphylococci,  spores  of  an- 
thrax  or  tetanus,  that  may  be  accidentally  present  do 
not  act  through  the  digestive  tract ; and  it  is  also  prob- 
able that  the  diarrhoea  so  frequently  observed  in  in- 
fants  during  the  sumraer  time  is  not  due  to  the  action  of 
bacteria  which  have  survived  the  pasteurization  process, 
but  to  some  other  cause. 

fncreasing  tlie  keeping  propcrties  of  milk  is  a matter 
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that  cliiefly  concerns  milk  dealers,  the  main  point  being 
to  keep  the  milk  from  turning  sour.  This  tendency 
is  produced  by  a lactic  bacterium,  which  is  easily  killed 
by  warmth ; and  therefore  turning  sour,  which  is  the 
preliminary  to  curdling,  can  be  retarded  by  a short 
process  of  pastemdzation,  which  enables  this  important 
foodstuff  to  be  kept  for  some  time  in  an  apparently 
undecomposed  state.  This  stability,  however,  is  only 
apparent,  since  the  putrefactive  spores,  including  those 
of  the  hay  and  potato  bacilli,  which  are  not  killed  by 
pasteurization,  germinate  as  soon  as  the  conditions  of 
temperature  are  at  all  favourable  (about  59°  F.),  re- 
producing  very  rapidly  and  soon  setting  up  putrefaction 
in  the  milk,  the  first  indication  of  this  condition  being 
the  development  of  an  irritant  flavour.  The  drawbaek 
from  the  purchaser’s  point  of  view  is  that  he  can  no 
longer  detect  incipient  putrefaction  by  the  appearance 
of  cm’dling,  since  the  cause  of  this  preliminary  stage 
has  been  destroyed  by  pasteurization. 

To  make  milk  really  stable  by  pasteurization  it  must 
either  be  strongly  cooled  at  once  after  warming,  and 
then  kept  at  a temperature  (ice  box)  which  does  not 
permit  the  germination  of  the  spores ; or  eise  the  heat- 
ing  must  be  repeated  twice  at  intervals  of  twenty-four 
hours  to  give  the  spores  time  to  germinate  in  the  mean- 
while  (fractional  sterilization).  A rapid  method  of 
pastem’izing,  in  which  the  milk  is  heated  to  203°  F. 
for  a short  time,  is  also  occasionally  used ; but  it  is  not 
clear  what  advantages  are  obtained  in  comparison  with 
sealding,  since  the  milk  both  skins  over  and  develops 
the  “boiled”  taste.  Moreover,  in  all  methods  where 
heat  is  employed,  the  butter  fat  collects  on  the  surface, 
and  apparatus,  often  of  a cumbrous  character,  is  neces- 
sary  in  Order  to  restore  the  normal  emulsion. 
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3.  Oil  and  Paraffin. 

Of  all  the  liquids  employed  in  a heated  condition  for 
purposes  of  disinfection,  those  exerting  a Chemical  action 
must  be  left  out  of  consideration  here.  Among  the  re- 
mainder,  only  those  of  high  boiling-point  are  suitable, 
since  it  will  be  evident  that  success  in  the  destrnction 
of  spores  can  only  be  attained — in  the  case  of  anhy- 
drous  media — when  a temperature  of  over  284°  F.  can 
be  applied.  Baths  of  oil  and  paraffin  have  found  ap- 
plication  in  practice,  their-  boiling-points  being  high 
enough  to  enable  one  to  obtain  temperatures  up  to  392° 
F.  Of  course  they  can  only  be  ussd  for  articles  that 
are  free  from  water,  since  otherwise  the  water  present 
would  be  violently  converted  into  steam  and  ruin  the 
articles.  Materials  unable  to  stand  the  great  heat  and 
direct  contact  with  oil  or  paraffin  cannot  be  subjected 
to  this  method  of  treatrnent.  This  excludes  practically 
everything  except  metallic  instruments,  for  which,  in- 
deed,  the  method — at  least  that  employing  oil — is  ex- 
cellently  adapted  for  rapid  disinfection.  It  is  largely 
used  for  sterilizing  the  cannulfe  of  injecting  syringes  in 
polyclinical  establishments  where  there  is  no  time  for 
boiling  the  instruments.  In  boiling  oil,  the  whole  of 
the  germs  are  destroyed  in  a few  seconds,  so  that  a very 
effective  and  extremely  rapid  disinfection  takes  place. 
The  only  drawback  of  the  method  is  the  liberation  of 
inalodorous  and  acrid  vapours,  whose  chief  constituent, 
acrolein,  is  the  cause  of  the  smell  of  an  extinguished 
candle. 


II.  Liüht  and  Üthek  Rays. 

Sunlight  constitutes  a disinfecting  agent  which  is 
undoubtedly  of  extreme  activity  in  Nature.  Inmimer- 
able  bacteria  and  protozoa  are  destroycxl  every  day  by 
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diffused,  as  well  as  direct,  sunlight.  This  effect  in  due, 
not  to  the  desiccating  influeuce  of  the  sun’s  :ays — action 
of  heat — but  to  that  of  the  vibratory  light  rays. 

It  is  well  known  that  white  sunlight  is  composed  of 
a nuniber  of  different  kinds  of  light,  which  differ  ainong 
themselves  by  their  wave  length  and  are  exhibited  in- 
dividually  to  the  eye  in  the  colours  of  the  rainbow. 
There  is,  however,  in  sunlight,  another  kind  of  light 
which  is  invisible  to  the  human  eye,  but  is  capable  of 
acting  on  a sensitized  phoiographic  plate,  namely  the 
so-called  ultra-violet  rays,  which  have  the  shortest  wave- 
length  of  any,  and  are  frequently  known  as  the  actinic 
rays.  These  rays  are  the  chief  germicide  agents  in 
light. 

As  a rule,  only  the  superficially  located  bacteria  are 
encountered  by  light  rays ; but  these  bacteria  are  also 
exposed  in  most  cases  to  desiccation,  and  it  is  therefore 
difficult  to  decide  what  proportion  of  the  success  at- 
tained  is  due  to  either  cause.  If,  however,  desiccation 
be  prevented  by  suitable  means,  it  is  found  that  spores 
are  not  affected  by  light  rays  at  all,  and  that  vegetative 
forms  are  influenced  in  different  ways.  For  the  per- 
formance  of  this  experiment  it  is  necessary  to  allow  the 
light  to  impinge  directly  on  the  bacteria,  whilst  a closed 
vessel  must  be  employed  to  prevent  desiccation.  Now 
a glass  vessel  prevents  the  transmission  of  the  principal 
active  components  of  the  light,  namely  the  ultra-violet 
rays ; but  plates  of  quartz,  on  the  other  hand,  are  per- 
meable to  these  rays.  In  water,  too,  the  light  rays 
cannot  act  to  any  depth,  the  ultra-violet  rays  being 
absorbed  in  the  upper  strata  of  the  liquid.  Neverthe- 
less,  provided  the  water  is  perfectly  clear,  the  action  of 
light  goes  on  to  a depth  of  mm.  below  the  surface 
of  the  water,  though  in  rapidly  diminishing  projiortion. 


PHYSICAL  DISINFECTION 


43 


Moreover,  experience  shows  that,  in  Nature,  bacteria 
reproduce  only  in  dark  places ; and  the  hygienic  pro- 
perties  of  light  and  air  have  been  recognized  for  ages. 
Sunlight  bas  been  employed,  and  not  unsuccessfully, 
for  therapeutic  purposes,  especially  in  the  treatment  of 
superficial  disease  processes,  lupus  and  the  like ; though 
it  is  doubtful  whether  the  Stimulation  of  the  tissues 
does  not  contribute  to  the  cirative  effect  in  greater 
Proportion  than  the  germicide  action.  Still  greater  suc- 
cess  has  been  obtained  by  the  Ninsen  light  treatment ; 
but  even  in  this  case  it  has  not  been  proved  that  the 
action  is  one  of  sterilization. 

The  Bröntgen  rays  seem  to  have  practically  no  effect 
on  bacteria  ; and  it  is  only  in  rare  instances  that  they 
have  been  found  to  retard  the  growth  of  cultures.  In 
any  event,  the  curative  results  obtained  in  the  case  of 
superficial  infectious  processes  must  be  ascribed  to  some 
other  cause  than  sterilization. 

The  emanations  from  radium  greatly  retard  the  de- 
velopment of  bacteria ; and  an  exposure  extending  over 
several  days  will  even  kill  the  spores  of  anthrax  bacillus. 
Howcver,  since  this  bactericidal  action  is  confined  to 
the  readily  absorbed  rays,  the  effect  does  not  penetrate 
far,  and  therefore  the  employment  of  radium  öfters  no 
advantages  over  that  of  sunlight. 

III.  Electric  Currents  and  Mechanical 
Influences. 

The  other  physical  agencies  suitable  for  application 
in  the  d'estruction  of  bacteria  can  only  be  briefly  men- 
tioned  here,  their  practical  irnportance  being  nil.  The 
electric  current — both  continuous  and  alternating — -is 
said  to  have  a slight  retarding  cfiect  on  development, 
but  not  sufficient  to  kill  bacteria  whcn  the  auxiliary  in- 
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fluences,  heat,  electrolysis  and  the  production  of  ozone, 
are  disregarded.  Increased  pressure  again  has  but 
little  effect  on  the  growth  of  bacteria,  these  being  still 
able  to  germinate  in  ordinary  air  when  the  pressure  is 
raised  to  800  to  1000  atmospheres.  On  the  other 
hand,  in  the  case  of  certain  gases  other  than  the  ordin- 
ary atmosphere,  increased  pressure  has  a decided  effect 
on  bacteria.  Apart  from  the  adverse  influence  on 
growth  exerted  by  gases  like  carbon  dioxide  or  hydrogen 
on  aerobic  (air-loving)  bacteria,  some  of  the  germs  are 
destroyed  in  these  circumstances,  since  they  will  no 
longer  germinate  when  subsequently  exposed  to  favour- 
able  conditions.  Typhus,  dysentery,  and  coli  bacilli  for 
example  are  killed  by  twenty-fom-  hours’  exposure  to 
carbon  dioxide  under  a pressure  of  one  and  a half  to  two 
atmospheres.  On  the  other  hand,  hydrogen  is  power- 
less  to  injm’e  in  the  slightest  degree  the  most  delicate 
germs,  such  as  those  of  cholera,  even  with  an  exposure 
of  twenty-fom’  hours  under  a pressure  of  seventy-five 
atmospheres.  In  an  atmosphere  of  oxygen,  cholera 
bacilli  perish  in  twenty-four  hours  under  a pressm-e  of  half 
an  atmosphere  ; typhus  bacilli  at  thirty-five  atmospheres, 
and  coli  bacilli  at  seventy-five  atmospheres.  It  is  thus 
apparent  that  the  increase  of  pressure  does  not  act  per 
se,  but  only  in  consequence  of  the  resultiug  increased 
Chemical  action  (oxidation)  on  the  substance  of  the 
bacteria.  The  method  proposed  by  Bergbaus  for  im- 
proving  the  keeping  properties  of  milk  by  the  action  of 
carbon  dioxide  under  heavy  pressure  has  not  found  any 
practical  application. 

Whilst,  experimentally,  vigorous  mechanical  agita- 
tion  is  found  to  arrest  bacterial  growth,  gentle  agitation 
has  a stimulating  influence  ; but  all  these  observations 
possess  nothing  more  than  a certain  theoretical  intcrest. 


CHAPTEE  III. 


CHEMICAL  DISINFECTION. 

Chemical  disinfection  implies  poisoning  the  germs  of 
disease.  The  poisons  acting  upon  bacteria  and  pro- 
tozoa  penetrate  through  the  envelope  of  the  organism 
and  destroy  its  life  in  consequence  of  their  specific  toxic 
action  which  consists  in  effecting  a change  of  condition 
(coagulation)  of  the  protein,  or  exerting  some  other  in- 
fluence  on  vitally  important  substances.  These  poisons 
act  solely  in  the  liquid  condition,  even  when  employed 
in  the  solid  or  gaseous  form ; and  it  is  only  such  por- 
tions  as  are  in  solution,  either  in  the  immediate  en- 
vironment  of  the  bacteria  or  within  the  bodies  of  the 
latter  themselves,  that  can  be  credited  with  disinfect- 
ant  action. 

Since  the  corpus  of  the  micro-organism  is  a cell, 
analogous  in  many  respects  to  the  corporeal  cells  of 
higher  organisms,  it  will  be  evident  at  once  that  Chem- 
ical disinfectants  are  capable  of  producing  poisonous 
efifects  on  the  higher  organisms  as  well.  It  is  true  that 
these  toxic  effects  on  corporeal  cells  differ,  often  very 
considerably,  from  the  disinfecting  action,  since  each 
cell  has  its  own  specific  Chemical  affinities.  Thus,  for 
instance,  serious  corporeal  poisons,  such  as  strychnine, 
atropine,  etc.,  have  not  the  slightest  effect  on  bacteria, 
whereas  hyÜrogen  peroxide  kills  bacterial  cells  very 
quickly,  but  loaves  corporeal  cells  almost  unaffected. 
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The  physiological  action  of  the  variouß  disinfecting 
agents  is  a matter  tliat  is  imraaterial  from  tlie  stand- 
point  of  disinfection.  We  shall  rest  content  with  as- 
certaining  the  effect  of  the  Chemical  treatment,  and 
draw  up  regulations  for  practical  application  accord- 
ingly.  It  IS  naturally  impossible  to  test  the  action  of 
every  disinfectant  on  all  species,  races,  and  Stocks  of 
bacteria;  but  it  is  sufficient  to  make  definite  typical 
tests,  in  the  presumption  that  the  disinfecting  action 
on  all  other  disease  germs  can  be  deduced  therefrom. 
This  standpoint  is  quite  justified,  for  in  treating  a large 
series  of  micro-organisms  with  various  disinfectants  it 
is  found  that  certain  well-defined  species  are  killed  in 
a relatively  short  time,  and  others  in  a relatively  longer 
time,  by  all  disinfecting  agents.  Some  species,  there- 
fore,  are  very  sensitive  to  disinfectants,  others  compara- 
tively  so,  and  others  again  have  a high  power  of 
resistance.  It  is  true  that  accurate  investigation  will 
reveal  occasional  specific  powers  of  resistance  towards 
certain  disinfectants — such  instances  standing  out  prom- 
inently  from  the  general  run;  but  no  practical  im- 
portance  attaches  to  such  cases  as  yet.  Certain  bacteria, 
the  resistance  of  which  toward  the  usual  disinfectants 
has  been  the  subject  of  numerous  investigations,  afiford 
a means  of  testing  the  action  of  a disinfecting  agent ; 
but,  as  already  mentioned,  it  is  always  essential,  in 
precise  investigations,  to  make  a comparison  by  means 
of  a known  method  of  uniform  action.  When  a more 
powerful  disinfection,  involving  the  killing  of  spores,  is 
in  question,  steam  at  212°  F.  is  preferably  taken  as  a 
Standard.  This  effect  can  be  accurately  determined, 
owing  to  the  constancy  of  the  temperature,  rapidity  of 
Penetration  of  the  article  under  treatment,  and  accuracy 
of  timing  the  test.  The  apparatus  devised  by  Ohlmüller 
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for  this  purpose  consists  of  a glass  flask,  in  which  steani 
is  generated,  surmounted  by  a T-tube,  into  one  end  of 
which  is  inserted  a thenuometer,  whilst  a stopper  at- 
tached  to  a chamber  for  holding  the  articles  under 
treatment,  and  fitted 
with  an  exhaust  pijie 
for  the  steam,  is  pushed 
into  the  other  end 
(Fig.  8). 

For  less  drastic  dis- 
infection,  it  is  usual  to 
employ  as  the  Standard 
of  comparison  a disin- 
fectant  of  known  and 
COnstant  action,  e.g.  Ohlmüller  Spore  iester. 

carbolic  acid,  this  affording  the  advantage  that  the 
Standard  can  be  niodified  by  dilution. 

There  is  no  uniform  method  for  testing  a disinfect- 
ant,  the  Operation  being  usually  performed  in  scientific 
laboratories,  and  the  detail s left  to  the  choice  of  the 
operator.  However,  in  Order  to  afford  an  approximate 
idea  we  will  quote  the  conditions  of  the  first  experi- 
ments  given  by  Koch  in  his  work  published  in  1881. 
A Suspension  was  prepared  from  a culture  of  anthrax 
bacillus  several  days  old,  and  consisting  almost  entirely 
of  ripe  spores,  thin  silk  threads,  1 to  2 cm.  long,  being 
dipped  into  this  Suspension  until  thoroughly  saturated, 
and  then  dried.  These  test  specimens,  carrying  nu- 
merous  anthrax  spores  in  the  dried  state,  were  first 
tested  for  their  power  of  resistance,  by  steaming  them 
at  212'’  F.,  some  of  them  being  expOsed  theretö' for  half 
a minute,  others  for  one  minute,  etc.,  and  then  trans- 
ferred to  a nutrient  medium.  Assuming  that  the  test 
specimens  steamed  for  two  minutes  still  germinated  to 
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colonies,  whereas  those  exposed  for  two  and  a half  luin- 
utes  remained  sterile,  the  resistanceof  all  the  test  speci- 
mens  of  the  same  race  would  he  two  minutes  ; and  the 
test  specimens  could  be  eraployed  for  testing  the  action 
of  disinfectants.  In  this  manner,  however,  spores 
alone  could  be  treated ; and  in  order  to  test  vegetative 
growths,  which  will  not  stand  desiccation,  these  rnust 
either  be  suspended  in  the  disinfecting  liquid  direct,  or 
eise  caused  to  adhere  on  linen  rags  in  a semi-moist 
state.  Such,  broadly,  are  the  methods  of  preparing  the 
test  specimens,  though,  in  practice,  numerous  modifica- 
tions  have  to  be  adopted. 

With  regard  to  the  testing  of  Chemical  disinfectants, 
it  must  be  premised  that  an  erroneous  idea  may  be 
formed  in  many  cases  unless  the  disinfecting  liquid  has 
been  thoroughly  eliminated  from  the  test  specimens 
before  transferring  these  latter  to  the  nutrient  medium. 
Without  exception  all  Chemical  disinfectants  have  the 
property  that  even  in  a very  dilute  condition  they 
retard  the  growth  of  bacteria,  without  killing  the  latter 
entirely.  If,  however,  the  traces  of  disinfectant  ac- 
companying  the  test  specimens  into  the  nutrient  medium 
be  afterwards  eliminated,  the  micro-orgauisms  still  sur- 
viving  will  be  able  to  germinate. 

Apart  from  the  question  of  concentration,  the  action 
of  a disinfectant  depends,  biologically,  on  the  resistance 
of  the  micro-organisms  and  on  the  temperatm'e ; and 
physically,  on  the  capacity  of  the  articles  under  ex- 
amination  to  absorb  moistm'e.  The  concentration  of 
the  disinfectant  Stands  in  direct  relation  to  its  action, 
within  certain  limits,  but  if  the  concentration  be  very 
high,  the  action  is  only  slightly  increased,  whilst 
conversely,  extreme  dilution  weakens  the  effect  but 
slowly — though  this  is  not  alwaj'S  true,  the  effect  alter- 
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ing  rapidiy,  up  or  down,  when  the  concentration  is 
modified.  The  resisting  power  of  the  micro-organisms 
has  already  been  discussed ; and  so  far  as  the  tempera- 
ture  is  concerned,  its  influence  is  based  on  the  physio- 
logical  vital  processes  of  the  micro-organisms.  An 
organism  which  is  cooled  below  its  Optimum  temperatm'e, 
gradually  passes  into  a state  of  coma,  in  which  the 
processes  of  nutrition  and  reproduction  are  almost  or 
entirely  suspended,  according  to  the  degree  of  cooling 
given.  In  this  condition  the  bacterial  cell  has  a corre- 
spondingly  low  tendency  to  undergo  Chemical  changes, 
and  the  disinfecting  effect  diminishes  in  intensity.  On 
the  other  hand,  the  cell  is  far  more  open  to  Chemical 
attack  at  its  Optimum  temperatm’e,  at  which  all  the 
vital  processes,  and  therefore  also  the  Chemical  reac- 
tions,  go  on  best ; whilst,  as  the  temperature  is  raised 
above  this  point,  the  tendency  of  the  cell  to  decompose 
increases  and  it  falls  an  easier  prey  to  the  destructive 
action  of  poison.  Hence  the  action  of  disinfectants  is 
facilitated  by  every  rise  in  temperature.  The  physical 
dependence  on  the  hygroscopic  capacity  is  self-evident. 
For  instance,  the  spores  of  mould  fungi  will  float  on  the 
surface  of  any  disinfectant  liquid,  because  they  cannot 
be  wetted  by  water  unless  they  have  been  previously 
treated  with  alcohol. 

The  number  of  Chemical  disinfectants  is  extremely 
large,  and  nearly  every  group  of  Chemical  substances 
includes  members  capable  of  injuring  micro-organisms. 
In  practice,  bowever,  only  a relatively  small  number  of 
Chemicals  come  under  consideration,  it  being  necessary 
to  exclude  all  that  act  only  in  a high  state  of  concentra- 
tion, as  well  as  those  which  unduly  corrode  the  materials 
to  be  disinfected,  or  which  are  too  expensive.  To  de- 
scribe,  or  even  mention,  qjl  the  variQUs  Chemical  disiii- 
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fectants  would  take  up  too  much  space;  and  it  is, 
moreover,  quite  sufficient  to  treat  of  the  most  import- 
ant members  of  each  group. 

I.  Liquid  Disinfectants. 

The  only  possible  way  of  classifying  Chemical  disin- 
fectants is  to  adopt  the  same  grouping  as  is  employed 
in  Chemical  Science.  These  groups  will  be  given  seri- 
atim,  without  going  into  their  Chemical  properties ; and, 
in  addition,  a few  disinfectants  from  different  groups  \s-ill 
be  classified  together  in  accordance  with  their  method 
of  action. 


(a)  Native  Metals. 

Although  native  metals  are  only  very  shghtly  soluble 
in  water — the  amounts  being  imperceptible  even  with 
very  refined  methods  of  examination  — nevertheless, 
certain  of  them  are  endowed  with  the  power  of  destroy- 
ing  animal  and  vegetable  cells.  If  fragments  of  certain 
metals  be  introduced  into  cultures  of  bacteria  in  nutri- 
ent  media,  there  will  be  formed  around  each  fragment 
of  the  metal  a more  or  less  wide  zone  in  which  no 
bacterial  growth  can  proceed,  this  zone  remaining  sterile 
even  after  the  metal  has  been  removed.  Hence  the 
effect  must  be  ascribed  to  dissolved  particles  of  the 
metal.  When  this  passing  into  solution  is  facilitated 
by  any  means,  for  instance  by  establishing  electrical 
conduction  with  another  metal  of  opposite  electrical 
activity,  the  disinfectant  action  is  considerably  increased. 
In  addition  to  this  (normal)  poisonous  action  of  metals, 
another  method  of  action  has  been  observed,  which 
possesses  a high  scientific  interest,  and  will  perhaps 
attain  practical  importance  at  some  future  time.  This 
action,  which  was  first  discovered  by  C.  von  Xägeli, 
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difiers  essentially  from  simple  toxicity,  since  the  Symp- 
toms of  approaching  dissolution  exhibited  by  tbe  algae 
examined  by  tbat  worker  differ  from  tbose  appearing 
wben  any  otber  metbod  of  destruction  is  employed. 
Tbis  so-called  oligodynamic  effect  occurs  in  cases  of 
extreme  dilution,  for  example,  wben  a piece  of  copper 
tbe  size  of  a fartbing  is  left  for  a few  minutes  in  a 
quart  of  water  containing  vegetable  cells.  Similar 
action  is  exerted  by  metallic  salts,  such  as  corrosive 
Sublimate,  in  a state  of  extreme  dilntion  (1 : 1,000,000). 
Anotber  point  wbicb  distinguisbes  tbis  from  ordinary 
toxic  action  is  its  great  susceptibility  to  external  in- 
fluences,  any  addition  of  common  salt,  organic  matter, 
or  even  tbe  presence  of  a large  number  of  vegetable 
cells,  preventing  it  completely. 

In  tbe  case  of  patbogenic  germs,  experiments  on  tbis 
point  bave  furnisbed  tbe  following  results : — 

Eesting  forms  are  not  affected  at  all  by  tbe  oligo- 
dynamic action  of  metals;  tbougb  vegetative  forms  are 
kiiled  in  one  to  tbree  bours  if  fragments  of  active  metal 
be  immersed  for  a sbort  time  in  tbe  pure  water  used 
for  tbe  Suspension.  Tbe  most  powerful  metals  in  tbis 
respect  are  copper  and  its  alloys  (brass),  next  in  Order 
Corning  zinc  and  iron,  wbilst  lead  and  nickel  do  not 
produce  tbe  sligbtest  effect.  American  workers  (ac- 
cording  to  Krämer)  bave  proposed  to  disinfect  filtered 
drinking  water  by  immersing  copper  plates  ; and  since 
only  tbe  easily  destroyed  vegetative  forms  of  bacteria 
are  bere  in  question,  and  tbe  extremely  minute  quan- 
tities  of  copper  passing  into  solution  do  not  appear 
capable  of  baving  any  toxic  effect  on  tbe  buman  sub- 
ject,  tbe  Suggestion  is  wortby  of  attention. 

'l’be  ordinary  toxic  action  of  metals — -wbicb,  accord- 
ing  to  Tbiele  and  Wolff,  is  confined  to  copper,  mercury, 
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and  silver,  all  the  other  metals  exarained  (rnagnesiuin, 
aluminium,  iron,  zinc,  lead,  selenium,  palladium,  pla- 
tinuin  and  gold)  being  quite  inert— is,  however,  also 
capable  ol'  practical  application.  Experiments  with 
intestinal  germs  in  the  eiivironment  of  men  and  animals 
have  shown  that  such  bacteria  are  to  he  found  on  all 
Objects  with  wbich  the  hands  are  liable  to  come  in 
contact,  except  such  as  are  made  of  copper  ör  brass. 
Therefore,  since  it  has  been  demonstrated  that  infec- 
tious  diseases  are  frequently  communicated  through  the 
hands,  the  exclusive  use  of  a powerfully  antiseptic 
metal,  such  as  copper  or  brass,  for  making  all  handles, 
door  latches,  stair  balusters,  etc.,  is  a hygienic  precau- 
tion  which  can  he  relied  on  to  he  successful  in  the  pre- 
vention  of  infectious  diseases. 

. (b)  Adels  and  Alkalis. 

Since  the  nutrition  and  reproduction  of  micro-organ- 
isms  are  dependent  on  certain  Chemical  reactions,  vary- 
ing  between  somewhat  narrow  limits,  all  strong  acids 
and  alkalis  adversely  affect  the  vital  processes.  This 
effect  of  increased  acidity  or  alkalinity  is,  however,  far 
surpassed  by  the  specific  antiseptic  power  possessed  by 
many  acids  and  alkalis,  especially  those  of  an  inorganic 
character,  by  reason  of  the  active  atoms  they  contain. 

Aniong  the  acids,  hydrochloric  acid  in  particular, 
then  oxalic  acid,  and  also  sulphmdc  and  nitric  acids, 
will  kill  all  germs  in  a very  short  time,  whereas  the 
antiseptic  properties  of  other  acids,  such  as  acetic  and 
citric  acids,  are  only  slight.  Their  highly  destructive 
action  on  most  objects,  however,  Stands  in  the  way  of 
their  employment  in  practice,  and  consequently  the 
cheapest  of  the  strong  acids — hydrochloric  acid  and 
sulphuric  acid — are  rarely  used.  The  employment  of 
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acetic  acid  or  citric  acid  for  disinfecting  drinking  water 
suspected  of  infection  by  the  germs  of  cholera,  typhus, 
or  dysentery  inay  have  to  be  considered  occasionally  in 
uncultivated  districts,  but  is  attended  with  the  draw- 
back  that  it  takes  at  least  one  to  two  hours.  Broadly 
speaking,  the  action  of  alkalis  is  less  powerful.  Caustic 
potash  is  the  strängest,  carbonate  of  scda  being  a very 
poor  agent,  and  ammonia  alinost  entirely  devoid  of 
action.  In  practice,  the  strong  alkalis  will  only  oc- 
casionally come  under  consideration  for  use  as  disinfec- 
tants,  since  they  corrode  most  articles  that  require 
treatment.  An  exception  is  afforded  in  the  case  of 
slaked  lime,  which  is  extensively  used  in  practical  dis- 
infection.  Milk  of  lime  is  prepared  by  treating  burned 
lime  with  about  its  own  weight  of  water,  which  causes 
it  to  crumble  down  to  a dry  powder,  which  can  then  he 
dissolved  in  a fourfold  quantity  of  water.  The  first 
Stage  of  the  process  is  accompanied  by  a consider- 
able  disengagement  of  heat.  The  resulting  milky  fluid, 
which  is  renowned  for  its  caustic  action,  contains  20 
per  Cent  of  calcium  hydroxide,  and  is  diluted,  as  re- 
quired,  for  use.  Faecal  matter  is  disinfected  by  mixing 
with  an  excess  of  a 2 to  10  percent  solution  and  leaving 
it  to  stand  for  an  hour.  The  diluted  liquid  is  also  used 
for  disinfecting  sewage  liquor,  as  a wash  for  infected 
walls  and  Utensils  ; and  one  may  be  quite  certain  that, 
provided  a large  excess  of  the  caustic  lime  be  used,  the 
Cholera,  typhus,  and  dysentery  germs  in  question  will 
be  completely  destroyed  in  less  than  an  hour. 

Among  the  weaker  alkalis,  the  alkaline  soaps  should 
be  raentioned.  These  really  serve  merely  for  dissolving 
and  removmg  the  superficial  layers  of  the  epithelium 
together  with  the  adherent  germs — mechanical  disin- 
fection — but  in  addition  the  soaps  at  the  same  time 
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possess  slight  germicide  properties,  which  are  sufficient 
to  destroy  the  majority  of  vegetative  forins. 

(c)  Metallic  Salta. 

The  group  of  metallic  salts  is  of  considerable  import- 
ance,  and  comprises  the  most  powerful  disinfectants 
known.  The  chief  representatives  of  this  group  are 
the  Compounds  of  mercury  and  those  of  silver. 

Corrosive  Sublimate  (mercury  dichloride,  HgCl.^)  de- 
stroys  the  vegetative  forms  of  bacteria  in  a few  min- 
utes,  even  when  diluted  down  to  1 part  in  10,000  ; and 
the  spores  of  bacteria  possessing  medium  powers  of 
resistance,  such  as  anthrax  spores,  are  killed  within 
two  hours  by  a 1 : 1000  solution.  A similar  action  is 
exerted  by  silver  nitrate  (lunar  caustic,  AgNOg).  How- 
ever,  like  many  other  disinfectants,  all  metallic  salts 
depend  greatly  on  the  other  substances  present  in  the 
solution,  and  also  on  the  solvent,  because  their  disin- 
fectant  power  is  influenced  by  their  degree  of  electro- 
lytic  dissociation.  For  this  reason  they  act  much  less 
powerfully  in  an  alcoholic  solution,  and  not  at  all  in  a 
fatty  or  oily  medium.  The  dissociation  is  also  modified 
by  additions  of  other  reagents.  For  instance,  the  dis- 
sociation of  mercury  dichloride  is  lessened  by  sodium 
Chloride — both  of  them  containing  chloriue  atoms — 
whereas  the  power  of  the  originally  much  weaker  salt, 
mercm’y  oxycyanate,  can  be  so  far  increased  by  the 
addition  of  sodium  chloride  as  to  approximate  closely  to 
that  of  Sublimate.  The  oxycyanate,  as  also  another 
preparation  of  mercury,  sublamine  (mercury  ethylene- 
diamine  sulphate)  which  has  analogous  properties,  were 
therefore  introduced  into  practice  some  years  ago  as 
Substitutes  for  Sublimate,  owing  to  their  lower  cor- 
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rosive  action,  though  they  have  never  succeeded  in 
ousting  it  completely.  Even  at  the  present  day,  all 
three  retain  their  spheres  of  usefulness,  and  are  ap- 
preciated  for  washing  doors,  Windows,  flooring,  etc., 
on  account  of  their  lack  of  smell.  They  have  never 
been  adopted  for  metallic  articles,  being  precluded  by 
their  corrosive  action,  although  it  was  formerly  claimed 
that  the  two  substitute  preparations  did  not  corrode 
metal.  On  the  other  hand,  they  have  ahnost  gone  out 
of  use  for  disinfecting  the  performer  or  the  subject  of 
an  Operation,  in  which  sphere  they  predommated  for 
nearly  twenty  years.  Although  it  has  long  been  knöwn 
that  mercury  Compounds  are  almost  inactive  in  presence 
of  protein — which  occurs  in  all  corporeal  elements — and 
that  they  also  roughen  and  crack  the  epidermis,  so  that 
it  became  increasingly  difficult  to  disinfect  the  hands  of 
the  surgeon,  mercm-y  preparations  have  even  been  in- 
troduced  into  the  disinfection  recipes  of  the  midwife 
and  doctor’s  assistant.  This  is  the  more  to  be  re- 
gretted  in  view  of  the  facts  that,  on  the  one  hand,  the 
action  of  mercury  salts  for  disinfecting  the  hands  is 
imperfect,  for  the  reasons  already  given,  and  that,  on 
the  other  hand,  the  highly  poisonous  properties  of  the 
pastilles  may  lead  to  considerable  danger  through  care- 
lessness  or  ill  intention.  One  or  two  Sublimate  pastilles 
will  destroy  human  life,  producing  Symptoms  of  acute 
intestinal  Inflammation  and  cramp,  or  chronic  renal  In- 
flammation and  intestinal  ulcers. 

Notwithstanding  their  powerful  disinfectant  pro- 
perties, the  silver  salts  have  not  made  headway  in 
practice,  their  chief  representative,  silver  nitrate,  being 
liable  to  decompose  in  contact  with  air,  whilst  they  are 
too  expensive  for  general  use.  The  salts  of  gold, 
copper,  and  iron  are  far  less  effcctual  than  those  men- 
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tioned  liefere,  and  therefore  do  not  come  under  con- 
sideration  for  practical  purposes. 

{d)  Phenols. 

This  generic  term  includes  all  the  Chemicals  allied 
to  true  phenol  (carbolic  acid),  which  form  a very  im- 
portant group  of  disinfectants.  Carbolic  acid  bas 
gained  its  prominent  position  in  practical  disinfection 
tbrougb  its  very  stable  Chemical  Constitution,  and  from 
the  fact  that  the  few  compounds  it  is  capable  of  forming 
are  equally  po-werful  as  disinfectants.  Although  its 
action  is  not  so  strong  as  that  of  Sublimate,  it  scores 
by  the  cneumstance  that  it  remains  uninfluenced  by 
the  presence  of  salts,  acids,  alkalis,  and  even  pro- 
tein.  Alcobol  alone  bas  an  adverse  effect  on  the  action 
of  carbolic  acid ; and  in  fact  so  much  so  that  Solutions 
in  absolute  alcobol  are  completely  inert.  Carbolic  acid, 
wbicb  is  soluble  to  the  extent  of  7 per  cent  in  water, 
kills  vegetative  forms  in  a few  minutes  at  room  tem- 
perature,  tbough  even  when  used  in  its  most  concen- 
trated  form  it  takes  several  bours  to  destroy  the 
vitality  of  spores,  even  the  pm*e  acid  baving  no  greater 
effect  in  tbis  respect.  On  the  otber  band,  its  action 
can  be  increased  in  a very  important  degree  by  raising 
the  temperature ; so  that  spores  can  be  killed  in  five  to 
twenty  bours  witb  a 3 to  5 per  cent  solution  of  carlx>lic 
acid  at  86°  to  104°  F.  Tbis  acid  is  unsuitable  for  disin- 
fecting  the  bands,  or  the  seat  of  an  Operation,  owing  to 
its  powerful  corrosive  action  and  paralysing  efifect  on  the 
dermal  nerves.  Its  toxic  action  consists  in  the  fonna- 
tion  of  a whitish  scurf  (witb  the  attendant  conse- 
quences)  and  also,  mainly,  an  acute  form  of  intestinal 
inflammation,  renal  inflammation,  loss  of  consciousness, 
twitebing  of  the  muscles,  etc.  For  inanimatc  objects  it 
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is  rather  expeusive,  and  is  mostly  replaced  by  its  ana- 
logues,  the  cresols  and  their  compounds.  The  three 
cresols,  meta-,  para-  and  orthocresol,  are  in  themselves 
too  sparingly  soluble  (0-5,  1-8  and  2-5  per  cent  re- 
spectively)  to  exert  any  powerlul  disinfectant  action; 
but  their  solubility  can  be  largely  increased  by  the  ad- 
dition  of  strong  acids  or  of  alkaline  soaps,  which  raise 
them  to  the  category  of  the  strongest  disinfectants. 
The  compound  of  crude  cresol  with  sulphuric  acid — 
coinmercially  known  as  “ Sanatol  ” or  “Automors” — and 
other  compounds  (e.g.  bacillol)  of  the  same  dass,  are 
powerful,  but  are  attended  with  the  drawback  of  being 
poisonous  and  of  destroying  colom's,  varmshes,  etc.,  in 
consequence  of  the  large  amount  of  acid  they  contain. 
Far  gi-eater  popularity  is  enjoyed  by  the  cresols  which 
have  been  dissociated  by  means  of  soap  Solutions, 
namely  “Creolin”  and  “Lysol,”  which  are  very  much 
alike.  The  last  named  especially — which  furnishes  clear 
Solutions  in  pure  water — -is  very  widely  used,  dissolving 
very  readily  and  having  a lubricating  effect  on  the  skin 
without  making  it  insensitive.  Its  disinfectant  power  is 
Superior  to  that  of  carbolic  acid,  even  in  a 1 to  2 per  cent 
Solution,  and  consequently  this  preparation  has  retained 
a prominent  position  for  many  purposes,  for  example 
for  disinfecting  catheters  in  gynsecological  practice. 
Unfortunately,  it  has  also  acquired  considerable  popu- 
larity among  would-be  suicides.  The  toxic  Symptoms 
resemble  those  of  carbolic  acid  poisoning. 


(e)  Alcohols. 

The  alcohols — of  wliich  methyl,  ethyl,  and  propyl 
alcohols  come  under  consideration  here — are  still  the 
subject  of  scientific  discussion  so  far  as  their  disinfec- 
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tant  properties  are  concerned.  That  tliey  are  endowed 
with  a by  no  means  small  power  of  disinfection  is 
indubitable,  but  the  scientific  experiments  perforrned 
in  this  Connection  have  furnished  widely  different  re- 
sults  in  point  of  detail.  On  the  whole  it  has  been 
ascertained  that  Solutions  above  10  per  cent  in  strength 
kill  all  vegetative  forms ; and  that  this  action  in- 
creases  in  power  up  to  Solutions  of  40  to  50  per  cent 
strength,  beyond  which  limits  it  again  declines.  Boil- 
ing  alcoholic  mixtures  exhibit  increased  efficiency  within 
the  same  limits,  but  also  fall  off  considerably  in  concen- 
tration  between  50  and  100  per  cent  (methyl  alcohol 
above  50  per  cent,  ethyl  alcohol  above  80  per  cent,  and 
propyl  alcohol  above  90  per  cent).  Hence,  the  absolute 
alcohols  act  less  powerfully  than  Solutions  in  equal  parts, 
a circumstance  which  is  attributed  to  the  precipitating 
influence  of  the  concentrated  alcohols  on  protein.  The 
idea  is  that  a stratum  of  coagulated  protein  is  formed 
on  the  sm’face  of  the  micro-organisms  and  prevents  the 
Penetration  of  the  alcohol ; and,  as  a matter  of  fact,  the 
disinfecting  power  of  absolute  alcohol  can  be  consider- 
ably increased  if  the  formation  of  the  stratum  of 
protein  be  prevented  by  powerfully  agitating  the  disin- 
fecting liquid.  This,  at  least,  is  the  case  with  test-tube 
experiments.  In  practical  disinfection,  absolute  alcobol 
and  the  officinal  spiritus  rectificatus  have  enjoyed  con- 
siderable  populär ity,  both  alone  and  in  various  combina- 
tions,  such  as  alcoholic  Solutions  of  soap,  tincture  of 
iodine,  etc.  Nevertheless,  alcohol  was  formerly  em- 
ploj'ed  merely  as  an  intermediate  stage  in  the  disin- 
fection of  thehands,  being  credited  with  ouly  a moderate 
power  of  disinfection  in  consequence  of  the  experiments 
referred  to  above.  It  is  only  within  the  last  few  yeArs 
that  treatiug  the  hands  with  concentrated  alcobol  for  a 
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few  minutes,  without  any  previous  washing  with  soap 
and  water,  furnishes  much  better  results  than  the 
older  methods  of  disinfecting  in  preparation  for  opera- 
tions,  for  which  purpose  scrubbing  with  soap  and  hot 
water,  removal  of  fat  with  ether,  and  washing  with 
strong  Solutions  of  Chemical  disinfectants  (Sublimate)  for 
twenty  to  twenty-five  minutes,  were  formerly  employed. 
The  effect  of  disinfection  with  alcohol  alone  has  been  ex- 
plained  by  the  observation  that  absolute  alcohol  causes 
micro-organisms  to  adhere  so  firmly  to  the  skin  that 
they  cannot  be  detached  even  by  Immersion  in  water 
for  several  hom-s.  No  doubt  this  adhesion  is  accom- 
panied  by  a certain  degree  of  disinfection,  since  practi- 
cally  no  bacterial  development  can  be  detected  when 
the  epidermal  scales  scraped  off  the  skin  with  a knife 
after  the  use  of  alcohol  are  transferred  to  nutrient 
media.  This  observation  also  explains  the  action  of 
alcoholic  soap  Solutions,  iodine  tincture  and  other  al- 
coholic  combinations,  though  it  should  be  noted  that 
the  effect  of  the  alcohol  is  lessened  by  the  presence  of 
soap  and  other  adjuncts,  iodine  fonning,  however,  an 
exception.  The  ordinary  form  in  which  alcohol  is 
used  is  that  of  rectified  95  per  cent  spirit.  Satisfac- 
tory  results  can  also  be  obtained  with  80  to  90  per 
Cent  spirit  denatured  with  pyridin  bases  so  as  to  unfit 
it  for  internal  consumption.  The  employment  of  al- 
cohol vapour  will  be  dealt  with  later  (p.  92). 

(/)  Hydrogen  Peroxide  and  other  Oxidizing  Agents. 

All  substances  which  readily  part  with  oxygen  have 
an  oxidizing  effect  on  organic  materials,  and  therefore 
on  micro-organisms.  Among  the  most  powerful  of  these 
substances  are  the  so-called  pcr-compounds,  which  are 
surcharged  with  oxygen.  Since  they  usually  act  solely 
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by  Oxidation,  they  are  innocuous  to  the human  organiHin, 
uuless  they  contain  some  other  poisonous  constituent. 
Hydrogen  peroxide  possesses  very  pfjwerful  hac- 

tericidal  properties.  When  diluted  to  0-05  per  cent  it 
destroys  all  vegetative  forms  in  a few  minutes.  Spores 
are  less  readily  attacked,  but  even  in  respect  of  these, 
Solutions  of  1 to  3 per  cent  strength  are  quite  as  effec- 
tive  as  the  better-known  disinfecting  agents,  such  as 
carholic  acid.  The  only  pure  hydrogen  peroxide  is 
Merck’s  30  per  cent  solution  (perhydrol)  in  paraffined 
flasks.  This  is  very  expensive ; but  there  is  a cheap 
commercial  3 per  cent  solution  which  is  treated  with 
some  mineral  acid  (usually  sulphuric  acid)  to  render  it 
stähle ; it  has  the  advantage  of  not  only  disinfecting, 
but  also  cleansing  and  deodorizing  (by  the  oxidation  of 
organic  particles),  as  ■well  as  bleaching,  on  "which  ac- 
count  it  is  beneficially  used  by  hairdressers  for  cleans- 
ing brushes  and  combs.  It  may  also  he  applied  to  ad- 
vantage— in  a dilute  condition,  down  to  1 : 10,000 — 
for  disinfecting  drinking  water ; only  one  must  wait 
for  half  an  hour  nntil  the  disinfecting  action  is  com- 
pleted  and  the  hydrogen  peroxide  has  decomposed  into 
water  and  oxygen.  True  it  is  not  in  itself  poisonous, 
but  it  sometimes  has  an  irritant  effect  and  a somewhat 
disagreeable  taste.  The  latter  generally  remains  be- 
hind  to  some  extent,  in  which  case  it  is  due  to  the 
mineral  acid,  the  small  quantity  present  being,  however, 
harmless.  Hydrogen  peroxide  Solutions  of  1 to  3 per 
Cent  strength  have  latterly  become  very  populär  as  a 
mouth  wash,  and,  so  far  as  their  disinfectant  properties 
are  concerned,  are  preferable  to  most  other  liquids  of 
this  dass.  Certain  metalHc  peroxides  too  possess  an 
undouhtedly  similar  disinfecting  power,  and  are  oc- 
casionally  sold  for  disinfecting  drinking  water  (e.g.  cal- 


CHEMICAL  HISINFECTION 


Gl 


ciulu  peroxide,  inagnesium  peroxide).  Their  oxidizing 
action  is,  however,  inferior  to  that  of  hydrogen  per- 
oxide, though,  in  the  case  of  the  lime  compound,  it  is 
assisted  by  the  calcium  hydroxide  formed.  Magnesium 
peroxide  also  furnishes  good  results,  but  its  use  must 
be  deprecated,  since  it  introduces  objectionable  quan- 
tities  of  inagnesium  into  the  drinking  water. 

Potassium  permanganate  has  a powerful  disinfecting 
action  even  on  spores,  anthrax  spores  of  average  powers 
of  resistance  being  killed  in  fifteen  minutes  by  a 4 per 
Cent  Solution,  and  in  forty  minutes  by  one  of  2 per  cent 
strength.  Owing  to  its  cheapness  this  admirable  dis- 
infectant,  which  is  also  renowned  as  a deodorizer,  is 
suitable  not  only  for  disinfecting  inanimate  objects,  but 
also  for  treating  wounds,  corporeal  cavities,  and,  when 
suitably  diluted,  as  a mouth  wash. 

There  are,  in  addition,  a whole  series  of  per-com- 
pounds,  some  of  which  (persulphates  and  peroxides)  are 
very  powerful  disinfectants,  but  as  these  have  not  yet 
met  with  any  important  practical  application,  they  need 
not  be  gone  into  here.  Ozone  will  be  dealt  with  under 
gaseous  disinfectants  (q.v.). 

(g)  Antiformin. 

A highly  interesting  and  recently  discovered  disin- 
fectant  is  Antiformin.  This  is  the  well-known  Eau  de 
Ja  veile  (potassium  hypochlorite)  dissolved  in  an  excess 
of  caustic  potash.  Formerly  ernployed  only  in  brew- 
eries  for  cleansing  fermentation  vessels  and  beer  pipes, 
its  disinfectant  properties  were  discovered  by  Uhlenhut 
and  Xylander.  These  properties  consist  in  the  faculty 
of  dissolving  bacteria  in  a few  minutes.  All  pathogenic 
gernis,  with  the  exception  of  the  tuborcle  bacillus  and 
ripe  anthrax  spores,  are  dissolved  in  two  and  a half  to 
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five  minutes  by  a 2 to  5 per  cent  solution  of  Antiformin. 
ünripe  anthrax  spores,  i.e.  those  in  twenty-four  hour 
cultures  on  agar-agar,  dissolve  at  the  end  of  seven 
hours,  wliereas  the  ripe  spores  remain  undissolved  after 
twelve  hours.  The  tubercle  bacilli,  and  the  allied  ac:d 
resisting  bacilli,  are  protected  by  the  already  rnentioned 
waxy  constituent  of  their  envelopes  against  numerous 
injurious  influences,  as  also  against  the  action  of  Anti- 
formin, remaining  capable  of  reproduction,  though  in 
an  enfeebled  state,  alter  treatment  with  that  agent  for 
several  hours.  On  this  account.  Antiformin  is  well 
adapted  for  the  Isolation  of  tubercle  bacilli  from  the 
numerous  bacteria  with  which  it  is  always  accompanied 
in  sputnm,  with  a view  to  the  preparation  of  pure  cul- 
tures of  the  organism.  Apart  from  the  two  exceptions 
rnentioned.  Antiformin  constitutes  an  excellent  disinfec- 
tant,  the  usual  strength  being  a 5 per  cent  solution. 
Its  chief  advantage  is  that  it  is  able  to  dissolve  (not 
coagulate)  protein  and  mucus  present  in  liquids ; and 
it  is  therefore  primarily  adapted  for  the  disinfection  of 
dejecta  in  cases  where  the  annihilation  of  tubercle  bacilU 
is  not  regarded  as  essential. 

There  are  numerous  other  substances  exhibiting  a 
certain  power  of  dissolving  bacteria,  for  example  sodium 
taurocholate,  but  these  are  of  no  practical  importance. 

{h)  Chlorine,  Bromine  and  lodine. 

These  three  halogens  form  an  interesting,  if  not 
very  highly  important,  group  of  disinfectants.  Chlorine 
and  bromine,  which  are  gaseons  at  the  ordinary  tem- 
perature,  and  give  off  a very  penetrating  smell,  belong 
mainly  to  the  series  of  gaseons  disinfectants  ; but  their 
Solutions  must  be  dealt  with  now  in  connection  with 
jodine.  Chlorine  is  the  inost  powerful  disiufectaut 
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known,  a 0-01  per  cent  solution  being  able  to  destroy 
the  most  obstinate  spores  in  a few  seconds.  Bromine 
is  only  slightly  inferior  to  chlorine ; but  both  have  an 
extremely  destructive  eflect  on  all  organic  matter. 
Clothing  and  body  linen,  for  instance,  fall  to  pieces 
after  very  short  treatment,  all  colours  are  destroyed, 
and  both  elements  are  extremely  poisonous  to  man. 
Hence  neither  chlorine  nor  bromine  Solutions  are  used 
in  a pure  state,  tbough  the  action  of  the  “ Bleaching 
powder”  (or  “ chloride  of  lime  ”)  frequently  used  for 
disinfecting  closets,  is  based  on  the  liberation  of  free 
chlorine.  This  powder,  which  consists  of  calcium 
Chloride  and  calcium  hypochlorite,  when  acted  upon  by 
an  acid — even  the  small  quantities  of  carbonic  acid  pre- 
sent in  the  air — decomposes  with  formation  of  hypo- 
chlorous  acid,  which  m turn  gives  off  free  chlorine. 

lodine,  which  attacks  organic  matter  less  powerfully, 
and  is  almost  non-poisonous,  is  also  inferior  in  disin- 
fecting power,  though  for  practical  purposes  it  is  effec- 
tive  enough.  In  the  form  of  iodine  tincture,  it  is  now 
largely  employed  for  disinfecting  the  skin  previous  to 
Operation,  and  for  sterilizing  catgut,  though  the  action 
of  the  iodine  is  probably  exceeded  by  that  of  the  al- 
cohol.  lodine  dissoived  in  potassium  iodide  has  also 
been  used  for  the  same  purpose,  though  with  less  effect. 
The  deep  brown  stain  is  also  a drawback.  The  action 
of  free  iodine  is  also  the  basis  of  the  surgical  applica- 
tion  of  iodoform,  from  which  iodine  is  liberated  by  the 
action  of  corporeal  ferments  since  this  iodine  alone  pos- 
sesses  bactericidal  properties,  iodoform  per  se  being  in- 
operative. It  is  on  this  account  that  the  known  activity 
of  iodoform  is  equalied  by  only  few  of  the  numerous 
medicaments  which  have  been  proposed  as  substitutes 
/or  this  malodorous  substance— in  fact  only  by  such  asj 
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also  contain  iodine,  liberated  in  approximately  the  Haine 
manner. 


(i)  Formalin. 

Forinalin  is  the  40  per  cent  solutioii  of  a gas,  for- 
maldehyde,  which  has  a highly  penetrating  smell,  but 
is  relatively  innocuous.  Its  real  importance  is  as  a 
gaseous  disinfectant,  its  use  in  which  condition  is  de- 
scribed  fully  later  on  (see  p.  74).  As  an  aqueous  solu- 
tion,  the  chief  action  of  formaldehyde  is  to  restrict  the 
growth  of  bacteria,  which  are  prevented  from  germin- 
ating  by  Solutions  as  weak  as  1 : 20,000.  Much  stronger 
Solutions  of  the  gas,  however,  are  required  to  actually 
kill  bacteria,  though  4 per  cent  is  a sufficient  strength 
to  destroy  all  vegetative  forms  and  the  majority  of 
resting  forms  in  less  than  half  an  hour.  The  disin- 
fectant properties  are  heightened  considerably  by  raising 
the  temperature.  Formalin  has  been  used  as  a food 
preservative  ; but  its  employment  for  this  purpose 
is  prohibited  in  Germany,  on  account  of  its  tanning 
action  on  corporeal  cells  when  taken  internally.  Even 
in  a state  of  - extreme  dilution,  its  presence  can  be 
identified  by  the  characteristic  penetrating  smell.  For 
disinfecting  the  skin  and  hands  it  is  also  unsuitable,  its 
tanning  action  rendering  the  skin  hard  and  dry.  At- 
tempts  have  been  made  to  obviate  this  draw'back  by  in- 
corporating  formaldehyde  with  concentrated  alcoholic 
Solutions  of  soap ; and  a preparation  of  this  kind  (Lyso- 
form)  is  largely  used  as  a disinfectant,  for  which  purpose 
it  is  equivalent  to  3 to  5 per  cent  carbolic  acid.  The 
tanning  action  on  the  skin  is  almost  entirely  prevented. 
Another  preparation,  Morbicid,  acts  in  a similar 
manner. 
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(k)  Prescrvatives. 

Owing  to  the  keen  struggle  carried  on  by  the  Legisla- 
ture  of  ne:irly  every  country  against  the  use  of  injurious 
Chemicals  for  preserving  foodstuffs,  certain  branches  of 
industry  are  continually  bringing  new  “ preservatives  ” 
on  the  market.  The  action  of  these  new  preparations  is 
hardly  distinguishable  from  the  old,  prohibited  preserva- 
tives, such  as  sulphurous  acid,  boric  acid,  salicylic  acid, 
benzoic  acid  and  compounds  of  same.  When  used  in 
the  quantities  prescribed,  all  of  them  have  a certain  re- 
tarding  influence  on  the  growth  of  bacteria,  but  never 
to  such  an  exteut  as  to  prevent  putrefaction  from  setting 
in  a little  later  than  usual.  The  danger  of  preservatives 
lies,  on  the  one  hand,  in  the  fact  that  they  mask  putre- 
faction phenomena  which  would  otherwise  be  detected 
by  the  eye  and  nose,  and  on  the  other  in  that  the 
cumulative  consumption  of  foodstuffs  preserved  in  this 
manner  injures  the  organism.  The  true  disinfecting 
power  of  these  preservatives  is  very  slight,  so  that 
even  the  genns  of  lactic  bacteria,  which  have  a very 
low  power  of  resistance,  will  reproduce  actively  after 
initial  retardation  in  milk  heavily  dosed  with  preser- 
vatives. 


{l)  VolatUe  Disinfectants. 

This  category  comprises  a number  of  substances  be- 
longing  to  a variety  of  Chemical  gi-oups,  and  having  in 
common  the  property  of  being  only  sparingly  soluble 
in  water  and  remaining  solid  or  liquid  at  ordinary  tem- 
l^erature,  but  volatilizing  readily.  The  chief  substances 
of  this  dass  are;  Chloroform,  thympl,  toluol,  oil  of  tiir- 
pentine,  and  a few  ethereal  oils, 
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Chloroform  acts  chiefly  as  a preservative,  and  i«  often 
irsed  in  the  laboratory  to  preserve  blood  serum  and  other 
nutrient  media,  the  proportion  added  being  abont  1 to 
2 per  Cent.  The  Chloroform  settles  down  to  the  bottom, 
and  the  amount  of  volatile  constituents  which  it  cedes 
to  the  supernatant  liquid  is,  though  small,  sufficient  to 
prevent  any  bacterial  growth.  This  effect  is  not  de- 
stroyed  by  the  large  protein  content  of  the  liquid.  Be- 
fore  the  liquid  is  used,  the  Chloroform  can  be  readily 
expelled  by  warming  at  50°  to  60°  C.  for  an  hour.  A 
similar  liquid  is  toluol,  which  is,  however,  a far  more 
powerful  bactericide,  and  is  in  turn  surpassed  by  thymol, 
which  does  not  melt  below  51°  C.  The  addition  of  a 
crystal  weighing  less  than  1 gramme  to  1 litre  of  a liquid 
liable  to  putrefaction,  will  ensure  it  keeping  for  weeks, 
or  even  months.  At  the  same  time  the  weight  of  the 
crystal  hardly  diminishes  at  all,  thymol  being  very 
sparingly  soluble  in  water.  In  alcoholic  solution  its 
action  is  not  so  powerful ; but  when  the  concentrated 
vapour  of  thymol  is  used  in  conjunction  with  steam, 
say  in  vacuo,  the  disinfectant  power  is  approximately 
equal  to  that  of  formaldehyde.  Oil  of  turpentine,  the 
ethereal  oils  of  luustard  and  origanum  oil,  possess  not 
mconsiderable  disinfectant  properties.  Oil  of  turpen- 
tine now  finds  practical  application  for  disinfecting  and 
deodorizing,  and  also  for  internal  disinfection — inhala- 
tion  by  sufferers  from  pulmonary  complaints  attended 
with  malodorous  sputum,  e.g.  inflammation  of  the  lungs. 
On  the  other  hand  the  disinfecting  properties  of  other 
volatile  substances,  such  as  camphor,  menthol,  naph- 
thalene,  are  very  small,  though  they  are  of  some  im- 
portance  as  preservatives. 

Finally,  mention  should  here  be  made  of  several  tar 
products : aniline,  creosote,  ichthyol  and  guaiacol. 
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Tablets. 

A description  of  the  various  members  of  different 
groups  of  disinfectants  which  are  now  marketed  in 
tablet  form  is  justified  on  the  grounds  that  tablets  con- 
stitute  the  most  important  form  for  many  practical 
purposes,  the  actual  composition  of  the  tablets  being 
a secondary  consideration.  This  form  is  superior  to 
powders  and  liquids  because  the  proportions  can  be 
accurately  weighed  out  in  the  process  of  manufacture, 
so  that  Solutions  of  a certain  percentage  strength  can 
then  be  prepared  even  by  entirely  unskilled  persons. 
Convenience  in  packing  and  transport  are  also  ad- 
vantages  of  the  tablet  form.  An  essential  condition, 
however,  is  that  the  tablets  shall  be  stable.  Of  late, 
manufacturers  have  endeavoured,  with  more  or  less 
success,  to  send  out  all  kinds  of  disinfectants  in  tablet 
form ; and  the  advantages  of  these  have  been  utilized, 
not  only  in  clinics  and  disinfecting  installations,  but 
also  by  private  persons  who  use  disinfectants  more 
rarely. 


I.  Sublimate  and  Sublimate  Tablets. 

Angerer’s  Sublimate  pastilles  are  the  oldest  form  of 
disinfectant  in  weighed  out  quantities,  and  consist  of 
4-b  per  Cent  of  corrosive  Sublimate,  together  with 
common  salt  and  an  addition  of  eosine  to  colour  the 
Solution  and  thus  prevent  accidental  poisoning.  The 
common  salt  is  added  to  prevent  the  decomposition  of 
the  Sublimate ; but,  according  to  Kroenig  and  Paul, 
the  amount  used  might  be  reduced  one-half  without 
loss  of  Utility.  Smce  the  pastilles  contain  the  disin- 
fectant in  an  unaltered  condition,  they  are  just  as 
effective  as  the  corresponding  solution  of  the  salt.  The 
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tablets,  weighing  1 or  ^ gramme,  are  sold  in  a blac-k 
wrapper  bearing  the  imprint  of  a skull  in  white,  and 
must  be  protected  from  moisture,  being  very  hygro- 
scopic. 

Sublamine,  which,  as  already  mentioned,  is  prefer- 
able  to  Sublimate  for  some  purposes,  can  be  pressed 
into  durable  pastilles  without  any  added  matter  except 
eosine  for  colouring.  Its  action  bas  already  been 
described. 


2.  Phenol  and  Cresol  Tablets. 

The  oldest  form  of  carbolic  acid  tablets  was  prepared 
by  mixing  pure  carbolic  acid — liquefied  by  heat — with 
40  per  Cent  of  hard  soap,  the  raass  being  formed  into 
tablets  when  cold.  These  tablets  did  not  keep  well 
and  bad  to  be  stored  in  glass  tubes.  They  melted  at 
107°  F.  and  gave  a cloudy,  but  complete,  solution  in 
water,  the  disinfecting  properties  being  apparently  un- 
affected  by  the  adjunct.  Thougli  they  served  their 
purposes  for  many  requirements,  they  never  succeeded 
in  finding  general  application. 

Carbolic  acid  “ Phenostal”  tablets  are  a combina- 
tion  of  carbolic  acid  and  oxalic  acid  (diphenyloxalate), 
two  parts  of  the  former  to  one  of  the  latter.  Üwing 
to  the  powerful  disinfectant  properties  of  the  oxalic 
acid,  these  tablets  are  one  and  a half  to  four  times  as 
effective  as  carbolic  acid  of  equal  ooncentration.  This 
phenostal  has  the  further  advantage  over  carbolic  acid 
that  it  is  less  poisonous,  has  not  such  a caustic  action, 
and  does  not  precipitate  protein  on  absorption.  The 
tablets  are  coloured  with  a little  fuchsine,  and  cost 
about  twice  as  much  as  carbolic  acid  of  equal  eflici- 
ency.  The  pew  carbolic  acid  tablets  of  the  German 
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miikers  of  “ Phenostal  ” cousist  of  pheiiol  and  potas- 
sium  phenolate,  and  thus  contain  90  per  cent  of 
phenol.  The  mass  is  a white  powder  which  does 
not  melt  below  2*24"  to  226°  F.,  and  is  therefore 
suitable  for  use  in  the  tropics.  The  tablets  them- 
selves  are  stähle  and  readily  soluble.  The  solution 
is  not  corrosive,  and  the  bactericidal  elfect  is  slightly 
below  that  of  carbolic  acid.  The  price  is  still  very 
high. 

The  same  makers  also  vend  lysol  tablets,  containing 
paracresol  75  per  cent,  hard  soap  15  per  cent,  talc  and 
bole  5 to  7-5  per  cent. 

The  tablets  have  an  evil  smell,  which  is  only  parti- 
ally  masked  by  perfumes  (cumarin).  The  action  cor- 
responds  to  that  of  a solution  containing  the  same 
amount  of  paracresol ; but  since  paracresol  has  a lower 
disinfecting  power  than  its  isomers,  the  elfect  of  lysol 
tablets  can  in  general  merely  be  designated  as  ade- 
quate.  Cresol  tablets,  made  by  the  same  German 
firm,  are  a compound  of  potash  and  metacresol 
(metakalin)  which  melts  at  178°  F.,  and  consists  of 
70  per  cent  of  metacresol,  together  with  a little 
talc  and  bole.  These  two  additions  improve  the 
keeping  properties  of  the  tablets ; but  as  the  latter 
are  still  liable  to  deliquesce,  owing  to  their  hygro- 
scopicity,  they  have  to  be  protected  from  moisture. 
This  latter  property  at  the  same  time  ensures  ready 
solubility.  Their  di.sinfectant  properties  are  higher 
than  those  of  ly.sol  tablets,  metacresol  being  superior 
in  this  respect  to  paracresol. 

The  “ Segerin  ” tablets  are  also  compounds  of  cresol 
and  soap.  The  brown  tablets  consist  of  50  to  55  per 
Cent  of  metacresol  and  have  very  good  keeping  pro- 
[x  rties,  for  thougli  they  are  rather  soft  when  iiewly 
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macle,  they  harden  in  storage.  Neverfcheless,  they  dis- 
solve  readily  and  are  clairned  to  be  superior  to  Liqu. 
cresol.  sapon.  of  equal  concentration.  The  black  tablets, 
which  are  made  of  a mixture  of  the  three  crude  cres^)ls, 
are  said  to  be  equally  powerful  with  the  brown,  since 
they  contain  at  least  30  per  cent  of  metacresol  and 
over  20  per  cent  of  the  other  two  iorms. 

II.  Gaseous  Disinfectants. 

The  ideal  disinfectant  is  a gas  of  great  antiseptic 
power  and  capable  of  uniform  distribution  in  space. 
This  latter  result  is  opposed  by  the  considerable  diffi- 
culty  that  all  spaces  are  filled  with  a gas — atmospheric 
air — which  has  to  be  displaced  in  some  way  or  other, 
or  eise  mixed  with  the  disinfecting  gas.  Of  these 
latter  there  is  no  scarcity,  but  their  practical  employ- 
ment  is  opposed  by  difficulties  which,  for  the  most  part, 
are  insuperable.  Chlorine  and  bromine  are  the  most 
powerful  gases  of  this  kind,  but  they  enter  too  quickly 
into  combiuation  in  the  air  to  allow  themselves  to  be 
distributed  in  anything  like  an  efficient  manner.  More- 
over their  destructive  action  on  colours  and  fabrics  puts 
them  out  of  court  for  practical  use ; and  since  hydrogen, 
oxygen,  and  carbon  dioxide  are  too  inefficient,  the 
number  of  gases  suitable  to  act  as  disinfectants  is  ver}* 
small. 

(«)  Sidphurous  Acid  and  Garbon  Monoxide. 

Sulphurous  acid  (sulphur  dioxide)  which  is  formed 
by  the  combustion  of  sulphur,  is  well  known  from  its 
penetratiug  smell,  and  has  been  used  from  time  im- 
memorial  for  disinfecting  (fumigating)  casks  and  vats. 
h’or  this  purpose  the  physical  properties  of  the  gas  are 
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comparatively  favourable,  its  coniposition  being  so  stable 
that  it  mixes  with  air  witbout  change.  In  course  of 
time  it  penetrates  deeply  into  the  pores  of  the  articles 
uuder  treatment,  and,  in  presence  of  a high  proportion 
of  humidity,  is  a capable  bactericide.  Its  poisonous 
properties,  however,  restrict  its  use  considerably  ; and 
many  articles  suffer  damage  by  its  bleaching  effect  on 
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colours,  and  the  ineradicable  stains  caused  by  deposition 
of  sulphur. 

The  only  process  in  which  fumigation  with  sulphur 
has  attained  any  great  importance  is  in  disinfecting 
plague  ships  l)y  means  of  the  Clayton  apparatus  (Fig. 
9).  The  gas  is  generated  in  this  apparatus  by  burn- 
ing  sticks  of  sulphur,  and  is  blovvn  mto  the  cabins, 
etc.,  of  the  ship  suspected  of  being  infected  with  plague. 
Owing  to  its  content  of  anhydride,  Clayton  gas  is 
suj)erior  in  disinfecting  power  to  pure  sulphur  dio.xide  ; 
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and  when  mixed,  in  the  proportion  of  5 to  8 per  Cent, 
witli  the  air  of  a room,  will  infallibly  destroy  the  vege- 
tative forms  of  typhus,  cholera,  dysentery,  and  above 
all,  plague,  provided  the  germs  rest  on  surfaces  to  which 
the  air  can  gain  access.  As  already  mentioned,  the 
gas  penetrates  for  a certain  depth  into  cavities  and 
pores,  hut  this  property  must  not  he  confounded  with 
the  efifect  resulting  from  the  actual  displaeement  of  the 
air  in  the  pores  by  the  disinfecting  gas.  In  the  case 
of  tubercle  bacilli  and  resistant  staphylococci,  the  dis- 
infecting action  of  Clayton  gas  in  the  above  proportions 
is  uncertain. 

The  main  purpose,  however,  of  the  Clayton  apparatus 
is  the  destruction  of  rats,  which  are  very  dangerous 
transmitters  of  plague.  Five  per  cent  of  Clayton  gas 
in  air  will  infallibly  kill  rats,  mice,  cockroaches,  bugs, 
fleas,  gnats,  etc.,  in  a few  seconds  ; and  even  when  only 
1 per  Cent  of  the  gas  is  present,  the  rats  are  no  longer 
able  to  reach  their  hiding  places.  As  the  Clayton  ap- 
paratus blows  an  ample  supply  of  gas  into  the  rooms 
in  a very  short  space  of  time,  all  the  rodents  which 
happen  to  he  at  large  are  usually  killed  at  once,  though 
the  gas  is  not  always  able  to  penetrate  into  the  remotest 
recesses  4n  the  prescribed  time  of  four  to  five  hours. 

It  may  also  be  mentioned  that  sulphur  fumes  have 
been  successfully  used  for  killing  the  yellow-fever  fly 
in  districts  where  that  disease  is  prevalent. 

The  dark  side  of  disinfecting  with  sulphur  fumes  is, 
as  already  hinted,  that  many  articles  are  damaged  by 
sulphur  (fabrics  are  stained,  and  foodstuffs  absorb  the 
sulphur) ; also  that  the  hiding  places  of  rats  are  not 
penetrated  by  the  fumes.  To  overcome  this  defect, 
Nocht  and  Giemsa  have  proposed  to  use  a gas  contain- 
ing  about  5 per  cent  of  carbon  monoxide,  geuoratod 
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very  cheaply  and  in  a manner  not  liable  to  givo  riso  to 
explosions,  by  burning  coke  in  a special  apparatus. 

The  gas  bas  no  real  disinfectant  power,  and  the 
plague  bacilli  must  be  destroyed  by  other  means ; but 
when  added,  even  in  very  small  quantities,  to  the  air, 
carbon  monoxide  ensures  the  death  of  the  rats  even 
when  concealed  in  their  holes.  One  danger  attends  the 
use  of  this  gas,  namely,  that  it  cannot  be  detected  by 
smell,  and,  therefore,  any  person  accidentally  entering 
a vessel  undergoing  this  fumigation  may  meet  with  a 
fatal  accident. 


{h)  Ozone. 

Ozone,  which  is  formed  whenever  electrical  discharges 
take  place  and  has  a penetrating  smell,  is  a powerful 
oxidizing  agent.  In  presence  of  organic  matter  it 
readily  parts  with  one  atom  of  oxygen,  out  of  the  three 
atoms  of  which  its  molecule  is  composed,  and  m so 
doing  produces  deodorization  and  disinfection.  It  is 
only  since  electric  currents  of  very  high  tension  could 
be  generated  by  means  of  transformers  that  the  pre- 
paration  of  ozone  on  a large  scale  has  become  practic- 
able,  this  gas  being  produced  by  the  non-luminous 
discharges  of  these  currents.  Concentrated  mixtures 
of  ozone  and  air  form  very  energetic  bactericides,  but 
they  also  destroy  organic  materials  in  a manner  anal- 
ogous  to  the  action  of  chlorine.  When  the  proportion 
of  ozone  in  the  mixture  is  low,  no  bactericidal  effect  is 
produced,  but  the  air  is  deodorized  in  a noticeable  de- 
gree ; and  on  this  account,  small  quantities  of  ozone 
are  now  generated  in  small  high-tension  electrical  ap- 
paratus in  crowded  rooms,  theatros,  concert  halls,  and 
the  like,  in  Order  to  freshen  the  atmosphere.  Larger 
quantities  of  f)zone  are  employed  for  sterilizing  water 
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for  municipal  purposes,  the  town  water-supply  of 
Paderborn,  for  instance,  being  sterili/.ed  by  this  meau», 
The  method  adopted  is  the  following:  The  water  is 
allowed  to  trickle  down  in  thin  streams  through  a tower 
filled  with  coke,  and  in  descending  meets  a strong  up- 
ward  current  of  highly  ozonized  air.  In  consequence 
of  the  largely  increased  surface  presented  by  the  water 
under  these  conditions,  the  ozone  is  enabled  to  pene- 
trate,  and  destroys  all  the  bacteria  present,  being  itself 
reduced  to  ordinary  oxygen  in  the  process.  The  water 
must,  of  course,  be  freed  beforehand  from  the  coarser 
impurities  by  a rapid  process  of  filtration. 

(c)  Formaldehyde. 

Formaldehyde  is  undoubtedly  the  most  important  of 
all  gaseous  disinfectants.  At  the  ordinary  tempera- 
ture  this  gas — which  has  a penetrating  smell — is  un- 
stable  in  the  pure  state,  three  molecules  condensing  to 
one  (polymerization)  and  forming  a white  powdeiy 
substance,  “ paraform,”  which  is  placed  on  the  market, 
in  a compressed  condition,  as  “ formalin  pastilles 
From  this  polymerized  form  the  gas  can  be  generated 
again  by  heating  at  150“  C.,  but  on.  a slight  fall 
in  the  temperature,  potymerization  sets  m once  more. 
This  explains  the  extremely  low  disinfecting  power  of 
the  dry  vapours  when  disseminated  in  the  air,  the 
solid  body  immediately  formed  being  inert.  On  this 
account  the  old  Schering  lamp,  which  produced  dry 
vaporization  of  the  formalin  pastilles,  was  soon  found 
to  be  useless ; and  it  was  only  when  the  vapours  of 
formaldehyde  and  water  were  generated  side  by  side 
(in  the  Schering  “ .äCsculap  ” lamp)  or  together  that 
any  extensive  d’sinfecting  action  could  be  obtained. 
For  this  purpose  use  was  made  of  the  previously  men- 
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tioned  40  per  Cent  Solution  of  the  gas,  “ l'ormalin,” 
which  is  cheaper,  cominercially,  than  the  solid  para- 
forin.  The  action  obtamed  in  this  way,  however,  can- 
not  be  regarded  as  due  to  the  gaseous  condition,  though, 
as  the  vapours  undergo  distribution  in  a mann  er  anal- 
ogous  to  gases,  it  is  usual  to  dass  formalin  vapour 
along  with  gaseous  disinfectants.  As  a matter  of  fact, 
the  formalin  gas  and  water  vapour  are  disengaged 
simultaneously,  the  gas  dissolving  at  once  in  the  vapour 
and  forming  minute  drops  of  formaldehyde  solution, 
the  vapour  having  Condensed  to  the  form  of  mist  owing 
to  the  fall  in  temperature  on  dissemination  in  the  air. 
At  the  outset  the  wann  mist,  being  specifically  lighter 
than  the  surrounding  air,  rises  to  the  ceiling,  where  it 
cools  and  descends  again  depositing  on  all  objects  with 
which  it  comes  in  contact  a thin  film  of  liquid  formalin 
which  destroys  the  bacteria.  It  follows,  therefore, 
that  uniform  distribution  of  the  formalin  vapour  in  a 
room  is  not  obtained  unconditionally ; and  also  that 
the  formalin  can  only  act  in  places  where  the  vap.mrs 
are  able  to  undergo  deposition.  In  any  event,  uniform 
distribution  depends  on  the  action  of  forces  by  which 
the  inixing  of  air  and  vapour  is  produced  by  motion. 
This  mixing  always  takes  time,  and  in  no  case  is  the 
Operation  or  movement  shared  by  the  air  contained  in 
the  pores  of  the  ar ticles  under  treatment,  such  air  re- 
niaining  stationary  in  the  pores  and  unmixed  with  for- 
malin, even  when  the  general  air  movement  is  very 
active.  On  this  account,  formalin  vapours  cannot  dis- 
infect  by  penetration.  Moreover,  successful  disinfec- 
tion  with  formalin  requires  some  time  to  accomplish. 
For  instance  in  the  case  of  warm  objects,  such  as  a 
lighted  stove,  the  foimalin  deposit  re-vaporizes  almost 
ac  once  even  if  fonned  at  all,  and  consequently  the 
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bactericidal  action  is  a negative  one  in  such  places — 
always  provided  that  the  bacteria  are  not  destroyed  by 
the  heat.  On  the  other  band,  if  the  Operation  be 
carried  out  properly,  all  micro-organisms  floating  about 
in  the  air,  on  particles  of  dust  or  drops  of  liquid,  are 
destroyed,  since  all  the  true  vapour  issuing  from  the 
apparatus  needs,  to  be  able  to  condense,  is  to  en- 
counter  surfaces  cooler  than  itself ; and  it  utilizes  the 
first  opportunity  of  condensing  that  is  presented,  namely 
the  particles  floating  in  the  air.  Each  of  these  par- 
ticles is  thereby  surrounded  by  a minute  drop  of  water ; 
and  any  other  floating  particles  still  remaining  in  the 
air  will  finally  be  caught  by  the  niist  which  soon  Alls  the 
room. 

I.  DisiNFECTiNa  Booms  with  Foemalin  Apparatus. 

These  briefly  recorded  results  of  scientific  observatiou 
form  the  basis  of  a process  now  largely  employed  for 
the  disinfection  of  rooms,  the  principle  of  which  pro- 
cess has  been  adopted  in  many  special  forms  of  appa- 
ratus and  modified  methods.  They  all  have  in  common 
the  discharge  of  formalin  and  water  vapour  into  the 
air  of  the  room,  but  differ  in  respect  of  the  apparatus 
for  generating  the  vapours.  Since  the  efifect  depends 
on  the  aforesaid  circumstances,  it  is  not  the  same  in 
all  methods.  The  following  are  well-known  forms  of 
apparatus  : Czarplewsky’s  “ Colonia,”  Proskauer’s 

“Berolina,”  Flügge’s  “Breslau,”  and  the  Lingner 
apparatus  (Figs.  10  to  13).  In  the  first  of  these, 
water  is  evaporatcd  and  the  steam  blows  out  of  a 
narrow  orifice  over  a nozzle  from  which  the  formalin 
issues,  and  mixes  with  the  water,  the  action  re- 
sembling  that  of  a spraying  device  (Fig.  10).  In 
the  Proskauer  apparatus  (Fig.  11)  and  also  that  of 


(•HKMK'AL  mSINFECTION 


77 


■Lingner  (Fig.  13),  steam  is  blown  through  pre-heated 
formalin  and  this  becoraes  impregnated  with  formalde- 


B’n;.  10. — “Colonia”  FormHÜii 
Sprayer. 

K,  Water  |jan.  C,  Lower  end  of 
.steam  pipe.  D,  Steam  pipe. 
H,  Gr,  Co,  Casing.  L,  Bumer. 
T,  Platforiii  for  the  formalin 
lx)ttle.  G,  Aspirator  pipe  for 
the  formaliii.  S,  Position  of 
spray.  The  force  of  the  .steam 
issuing  fiom  the  end  of  the 
horizontal  pij>e  D draws  the 
formalin  out  of  the  vertical 
pipe  and  carries  it  away. 


Fig.  11.  — “ Bero- 
lina ” Formalin 
Apparatus. 

A,  Water  pan.  C, 
Formalin  recep- 
tacle.  D,  Tubes 
c o n V e y i n g the 
steam  iuto  the  for- 
malin receptjicle. 
C,  Coiled  steam 
pipe  for  heating 
the  formalin . S, 
Soction  through 
coil.  T,  Feed 
openiug. 


hyde  gas.  The  siniplest  apparatus  is  that  of  Flügge 
(Fig.  12)  in  which  a solution  of  formaldehyde  (about 
8 per  Cent  strength)  is  vaporized  in  a wide  pan,  it 
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bcing  founcl  that  the  vapour  from  this  soIution  also 
contains  about  8 per  cent  of  fonualdehyde. 

In  the  case  of  weaker  or  stronger  Solutions  the  con- 
centration  either  climinishes  or  increases  continuously, 
so  that  the  no  longer  soluble  formaldehyde  separates 
out  in  the  insoluble,  and  therefore  inactive,  condition 
of  paraform,  in  the  one  case  from  the  vapours  issuing 


Fig.  12.  — “ Bres- 
lau”  Formalin 
Ajjparatus. 

A,  Casing.  B,  For- 
nialin  pan.  C, 
Bumer.  D,  Di.s- 
charge  pipe. 


Fjg.  13. — Lingner  Apparat us. 
A,  Casing.  B,  Hejiting  burner. 
C,  Annular  water  ijan.  D, 
Formalin  pan.  «,  Steam  pipe, 
b,  b,  Discharge  jiiijes.  P, 
Stiinil. 


from  the  apparatus,  and  in  the  other  case  from  the 
original  solution.  Each  apparatus  must  be  operated 
in  accordance  with  the  instructions  provided,  which 
also  state  the  amount  of  spirit  to  be  used  for  heating. 
The  vapours  issue  from  one  or  moreorifices — four  in  the 
Lingner  apparatus  (Fig.  13) — for  about  an  hour.  The 
ascent  and  subsequent  descent  of  the  formalin  mist, 
coupled  with  the  continuous  discharge  of  powerful 
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currents  ol’  vapour,  iinpart  to  the  air  of  the  room  the 
movement  necessary  for  the  mixing  process,  and  thus 
generally  ensure  an  efficient  disinfection,  which  is  even 
able  to  destroy  spores  of  low  resisting  power,  though 
the  effect  is  merely  superficial.  Hence  articles  that  are 
infested  internally,  such  as  bed  linen  in  particular,  re- 
quire  different  treatment — steaming  or  boiling;  and 
all  other  infected  articles  must  be  arranged  so  as  to 
offer  an  extensive  surface  for  the  deposition  of  the  con- 
densing  formalin.  Thus  pockets  must  be  pulled  out, 
cupboard  doors  and  drawers  opened  wide,  clothes  spread 
out,  and  so  forth. 

It  is  found  that  in  general,  about  \ oz.  of  formal- 
dehyde  and  1 oz.  of  water  must  be  vaporized  per  cubic 
yard  of  room  space  in  Order  to  ensure  the  requisite 
supersatui’ation  of  the  air  with  a sufliciently  concen- 
trated  solution  of  formal  in  to  afford  certainty  of  ade- 
quate  disinfection,  and  that  the  Operation  must  be 
continued  for  at  least  three  and  a half  hours.  Düring 
this  period  the  shght  film  of  formaldehyde  deposited 
on  all  the  surfaces  under  treatment  must  remain  un- 
disturbed,  this  being  the  only  way  to  ensure  success. 
The  removal  of  any  large  proportion  of  the  active 
vapour  by  Ventilation  would  cause  prematm'e  evapora- 
tion  of  the  deposited  formalin.  The  mere  diffusion  of 
air  through  the  brickwork  of  the  walls,  etc.,  is  too 
slight  to  produce  more  than  an  inappreciable  loss  of 
forrnalin  vapour  during  the  continuance  of  the  Opera- 
tion ; but  badly  fitting  Windows  and  doors,  or  the 
presence  of  cracks  or  holes  would  lead  to  such  an 
abundant  mterchange  of  gas  with  the  external  air  as 
to  allow  a large  proportion  of  the  formal  in  mist  to 
escape,  whilst  at  the  .same  time  the  deposited  film 
would  quickly  evaporate  again  in  consequence  of  the 
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rapid  drying  of  the  air  of  the  rooiii.  instructionK 

therefore  usually  specify  that  all  doors,  Windows  and 
cracks,  must  be  carefully  sealed  up  beforehand  by  lueans 
of  damp  cotton  wool  or  strips  of  paper. 

One  very  important  item,  however,  is  omitted  from 
most  of  these  instructions  for  use.  The  aetion  of 
formalin  depends  on  the  temperature  to  a greater  ex- 
tent  than  most  other  Chemical  disinfectants.  Now, 
the  quantity  of  formalin  needed  to  produce  eflfectual 
disinfection  is  calculated  on  the  basis  of  a mean  room 
temperature  of  59°  to  68°  F. ; but  if,  as  is  often  done, 
the  room  to  be  disinfected  is  well  aired  for  several  days 
before  the  Operation,  and  if  the  latter  be  performed  in 
cold  weather  without  the  room  having  been  warmed, 
the  whole  effect  may  be  nullified  in  consequence  of  the 
low  temperature.  It  must  be  borne  in  mind  that  the 
disinfective  action  gradually  diminishes  below  59°  F. 
and  ceases  ahnost  entirely  below  46°  F. 

In  skilled  hands  disinfection  with  formalin  yields 
perfectly  satisfactory  results,  and  has  proved  especially 
useful  as  a final  process  of  disinfecting  sick  rooms.  At 
first  its  introduction  was  impeded  by  a difiiculty  whicb, 
however,  was  soon  overcome,  namely  that  the  pene- 
trating  smell  of  the  formalin  remained  in  the  walls  and 
other  articles  so  persistently  as  to  make  the  room  un- 
inhabitable  for  several  weeks.  A remedy  for  this  draw- 
back  was  soon  discovered,  however,  in  the  use  of  ammonia. 

When  disinfection  is  complete,  ammonia  vapour  is 
introduced  into  the  room,  preferably  by  blo\\nng  it  in 
through  the  keyhole  by  the  aid  of  a long  tube  (Fig.  14). 
This  vapour  deposits  on  all  surfaces  inside  the  room 
and  Combines  with  the  formaldehyde  to  form  the 
inodorous  compound  hexamethylenetetramine.  This 
result  can  be  achieved  completely  with  about  45  grains 


(’HE^riCAL  mSINFECTION 


S1 


of  ammonia  per  cubic  yard  of  roum  space ; and  the 
superfluous  ammonia  vapour  is  dissipated  in  a few  hours. 

Special  mention  should  be  made  of  the  fact  that  no 
injury  is  caused  to  any  articles,  colours  or  varnishes,  by 
either  the  formalin  vapour  or  the  ammonia. 


Fig.  14. — Flügge’»  Ammonia  Yaporizer. 

B,  Ammonia  pan.  L,  Bumer.  T,  Casing.  R,  Discharge  pipe. 
S,  Feed  opening  for  ammonia.  D,  Vapour  pipe.  V,  Sleeve  for 
catching  Condensed  liquid. 

The  following  approximate  quantities  needed  for  dis- 
infecting  rooms  relate  to  the  Flügge  apparatus  as  being 
the  one  most  largely  used  : — 


Charge  for  “Breslau”  Apparatus  (to  Generate  { oz.  of 
Formaldehyue  per  Curic  Yard  of  Room  Space). 


Cnbical  Content  of  room. 
cub.  yds. 

Formalin  (40  per  cent). 
oz. 

Water. 

oz. 

Spirit  (86  per  cent). 
oz. 

10 

12i 

20 

3i 

20 

17 

25 

8 

;io 

20 

30 

10 

4fj 

2öi 

40 

m 

50 

30 

45 

17 

ÜO 

35 

50 

20 

70 

37 

55 

21  * 

80 

42 

65 

25 

!X) 

4üi 

70 

30 

100 

50 

75 

314 

110 

53 

80 

35 

120 

«0 

90 

38 

130 

02 

95 

40 

140 

<57 

100 

43 

150 

70 

105 

•Kii  i 
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Tlie  ammonia  vaporizer  should  be  charged  with  : — 


Culiio.al  capacity  of  room. 
cul).  yd.s. 

Ammonia  (25  per  nent). 
oz. 

Spirit  (8<5  per  ceiitf. 
oz. 

10 

5 

h 

20 

10 

1 

.30 

12i 

li 

40 

18 

2 

.50 

20 

2 

60 

25 

2A 

70 

30 

3 

80 

35 

3J 

90 

38 

100 

40 

110 

45 

4i 

120 

50 

5 

130 

53 

öl 

140 

58 

Ö5 

150 

60 

6 

2.  Disinfecting  Booms  without  Apparates. 

(a)  The  Authan  Method. 

The  difficulty  of  trausporting  disinfection  apparatus 
and  the  liquids  for  use  with  same,  especially  m cam- 
paigns  and  manoeuvres,  coupled  with  the  cost  of  for- 
nialin  apparatus  for  occasional  use,  and  finally  with  the 
high  fire  risk  incurred  hy  using  spirits  for  heating,  has 
led  to  the  problem  of  vaporizing  formalin  being  solved 
by  means  of  Chemical  agencies.  The  first  method  of 
this  kind  was  the  Authan  method,  introduced  by  Eis- 
chengrün.  Authan  (F.  Bayer  & Co.,  Elberfeld) — a 
mixture  of  parafonn  (29  per  cent)  and  metallic  peroxide 
(71  per  Cent) — is  suffused  with  a specified  quautity  of 
water  and  stirred,  whereupon  an  energetic  Chemical  re- 
action  is  set  up.  The  mixture  effervesces  and  boils 
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elfter  a short  time,  a dense  cloiid  of  steam  and  formal- 
dehyde  being  given  off.  With  tlie  original  preparation 
the  reaction  was  complete  in  one  to  two  ininutes  but 
tbe  result  was  very  imperfect.  In  the  improved  form 
the  two  ingi-edients,  the  amount  of  which  has  been 
increased  by  5Ü  per  cent  per  unit  of  room  space,  are 
packed  in  separate  receptacles,  so  as  to  prevent  gi’adual 
decomposition  through  the  absorption  of  moisture  dur- 
ing  storage.  Moreover  bicarbonate  of  soda  has  been 
added  to  the  ingredients  in  Order  to  delay  the  com- 
inencement  of  the  reaction  and  prolong  the  stage  of 
ebullition.  This  enables  the  authan  powder  to  be  very 
carefully  stirred  up  in  the  water — the  operator  can 
safely  leave  the  room  as  soon  as  the  mixture  com- 
mences  to  effervesce — and,  in  consequence  of  the  inore 
protracted  hberation  of  vapour,  a more  effectual  mixing 
with  the  air  of  the  room  is  attained.  This  method, 
however,  differs  from  those  in  which  apparatus  is  used 
by  the  fact  that  the  amounts  of  formaldehyde  and 
water  vaporized  are  smaller  and  that  the  liberation  of 
the  vapours  continues  for  only  a relatively  short  time. 
Consequently  the  vapours  are  distributed  less  uni- 
forrnly,  with  the  result  that  the  upper  parts  of  the 
room  are  more  effectually  disinfected  than  the  lower 
levels,  whilst  one  or  more  of  the  corners  may  escape 
altogether.  To  prevent  loss  of  the  heat  disengaged  by 
the  reaction  and  playing  an  important  part  in  the 
success  of  the  method,  wooden  pails  or  pans  should  be 
used  for  mixing  the  ingredients,  metals  conducting  the 
heat  away  too  quick  ly. 

The  imjiroved  räethnd  at  any  rate  succeeds  in  de- 
stroying  most  of  the  patbogenic  germs  ])resent,  and  is 
therefore  capirble  of  doing  good  Service  when  no  a]>- 
paratus  is  available.  The  cost  of  the  method  has  now 
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heen  rediiced  to  a Iractioii  over  id.  pc*r  cubic  yard  of 
rooin  space,  so  that  it  is  but  little  luore  expansive  tiian 
with  the  Flügge  apparatus,  whilst  the  prime  cost  of 
the  latter  is  saved.  Authan  is  sold  in  tins — bearing 
printed  instructions — sufficient  for  rooms  of  various 
sizes,  six,  eight,  ten,  etc.  cubic  yards.  The  tm.s  are 
provided  ^vith  two  gauge  marks,  so  that  when  emptied 
they  can  he  used  for  ineasuring  the  water  for  the 
authan  and  ammonia  reactions  respectively.  For  this 
latter  reaction  a mixture  of  ammonium  chloride  and  cal- 
cium Oxide  is  supplied  with  each  tin,  which  mixture 
when  suffused  with  water  effervesces  with  liberation  of 
ammonia  and  steam. 

{h)  Potassium  Permanganate  Method. 

An  efficient  method  based  on  the  same  principle, 
is  the  potassium  permanganate  method  invented  by 
Evans  and  ßussell,  and  elaborated  by  Dörr  and  Rau- 
bitschek.  According  to  this  method  crystalline  potas- 
sium permanganate  (the  powdered  form  is  useless)  is 
suffused  with  a certain  quantity  of  formalm  which  sets 
up  a reaction  similar  to  that  of  the  Authan  method. 

This  reaction,  which  consists  in  oxidizing  a portion 
of  the  formaldehyde  to  formic  acid,  with  considerable 
generation  of  heat  which  vaporizes  the  formaldehyde 
and  water,  depends  for  its  intensity  on  the  relative 
proportions  of  the  reagents  (permanganate  and  formal- 
dehyde) and  the  water.  According  to  Dörr  and  Rau- 
bitschek  the  most  suitable  ratio  per  cubic  yard  of  room 
space  is,  permanganates  ^ oz. ; 40  per  cent  formalin, 

I pint ; water  | pint ; but  Lockemann  and  Croner 
state  that  better  results  are  obtaiued  with,  permangan- 
ate I oz.  ; formalin  4 pint ; water  \ pint.  This  latter 
X'ecipe  gives  a mean  vaporization  of  4 oz.  of  formalde- 
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hyde  and  § oz.  of  water  per  cubic  yard  of  room  space, 
which  experience  has  found  to  be  ample  for  disinfection. 
The  reaction  is  more  thorough  than  in  the  case  of 
authan,  about  56  per  cent  of  the  formaldehyde  used 
heing  vaporized  in  comparison  with  only  18-7  per  cent 
of  that  in  authan.  As  the  result  of  this,  the  practical 
trials  made  in  disinfecting  a variety  of  articles  have 
demonstrated  the  superiority  of  the  pennanganate 
inethod  in  thoroughness  and  reliability.  Moreover, 
the  comparative  cheapness  of  the  ingredients  and  the 
fact  that  the  inethod  is  not  patented  are  both  points 
in  its  favour. 

On  the  other  hand  the  necessity  for  conveying  the 
liquid  foriualin  in  bottles  is  a drawback  for  military 
pui-poses.  This  has  been  remedied  by  the  use  of  solid 
polymerized  formaldehyde,  which,  though  it  will  not 
react  in  presence  of  pennanganate  and  water  alone, 
can  be  made  to  do  so  by  various  additions,  notably 
alkali.  Consequently,  the  necessary  ingredients  : per- 
manganate,  paraform  and  adjunct,  can  be  packed  in 
small  compass  in  the  dry  state,  and  only  need  to  be 
mixed  in  the  prescribed  proportions  and  suffused  with 
water,  to  effect  disinfection  indoors.  In  this  case  also, 
success  depends  on  the  proper  mixing  of  the  ingredients 
and  the  water.  Careful  investigations  by  Lockemann 
and  Croner  have  led  them  to  recommend  the  followiiig 
inethod:  A mixture  is  prepared  consisting  of  about 
i oz.  of  paraform,  J oz.  of  pennanganate  crystals,  ^ 
grain  of  bicarbonate  of  soda  per  cubic  yard  of  room 
Space,  and  on  to  this  is  poured  about  1 oz.  of  water  [>er 
unit  of  space.  d’hese  must  be  stirred  up  carefully  with 
a wooden  paddle  about  four  inches  wide  for  about  half 
a minute;  and  in  about  three-fjiiarters  of  a miniite  froin 
the  Start  the  mixture  will  begin  to.froth  up  gradually. 
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The  time  required  l'or  disinfection  is  fpur  liourn.  Ac- 
cording  to  this  recipe  at  least  36  per  cent  of  the  crude 
paraform  and  46  per  cent  of  the  water  are  vaporized. 
The  quantities  are  rather  sinaller  than  in  the  formalin- 
permangauate  inethod ; but  are  reported  to  have  fur- 
nished  satisfactory  results  in  practice.  The  subsequent 
application  of  aminonia  is  carried  out  by  any  of  the 
known  methods. 

It  was  at  first  thought  unnecessary  to  take  any 
special  precaution  for  making  the  room  air-tight  in 
working  without  apparatus,  the  idea  being  that  the 
rapid  liberation  of  the  total  quantity  of  vapour  precluded 
any  loss  of  active  material  through  Ventilation.  Since, 
however,  the  efficiency  of  the  disinfection  depends  to 
a large  extent  on  the  length  of  the  action  of  the  de- 
posited  formalin  on  the  surfaces  treated,  and  the  de- 
posit  is  liable  to  be  prematurely  re-evaporated  by  an 
abundant  Ventilation,  the  practice  of  making  the  room 
air-tight,  in  the  manner  described  above,  is  now  gener- 
ally  adopted. 

3.  Japanese  Method. 

An  endeavour  to  improve  the  action  of  formaldehyde, 
especially  in  respect  of  penetrative  disinfection,  was 
made  by  tbe  Japanese  military  authorities  during  the 
campaign  in  Manchuria;  and  this  attempt  led  to  the 
introduction  of  a method  wbich  was  largely  used  during 
the  war  and  proved  successful  within  the  scope  of  its 
limitations.  As  history  teaches,  the  conditions  pre- 
vailing  in  war  are  such  as  always  predispose  to  the 
spreading  of  serious  diseases,  and  necessitate  a system 
of  disinfection  that  can  be  practised,  without  any 
s])ecial  difficulty,  in  all  sorts  of  places,  and  does  not 
take  up  very  much  time.  In  the  Japanese  methiHl, 
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readily  portable  appliaiices  are  used  consistiiig  ot'  a 
wooden  disiufecting  shed,  a boiler  constructed  to  stand 
a steam  pressure  of  six  atiiiospheres,  and  a formalin 
receptacle.  The  articles  regarded  as  likely  to  spread 
infection ; uuiforms,  equipment,  body  linen,  bed  linen, 
boots,  gloves,  etc.,  are  hung  or  piled  up  loosely  in 
the  air-tigbt  chamber,  into  which  steam  is  blown, 
linder  high  pressure  and  mixed  with  formalin,  through 
a spraying  device  mounted  in  the  upper  part  of  the 
front  wall.  This  device  disperses  the  current  of  steam 
and  directs  it  against  the  rear  wall,  from  which  it  is 
thrown  back  on  all  sides.  A portion  of  the  air  of  the 
chamber  is  expelled  through  an  aperture  at  the  bottom, 
the  remainder  of  the  air  becoming  intimately  mixed 
with  the  vapour  owing  to  the  suitable  arrangement  of 
the  spraying  device.  At  first  sight  the  method  ap- 
pears  very  similar  to  the  ordinary  System  of  room  dis- 
infection  ; but  really  differs  therefrom  considerably 
inasmuch  as  so  much  formalin  vapour  is  admitted  to 
the  chamber  that  the  temperature  of  the  air  and  vapour 
mixture  rises  to  as  high  as  140°  F.,  whereupon  the 
steam  is  shut  off. 

The  formalin-vapour  mist  produced  in  this  way  acts 
much  more  energetically  than  in  the  ordinary  method 
of  room  disinfection,  so  that  the  duration  of  the  Opera- 
tion can  be  shortened  to  one  or  two  hours  without 
impairing  the  results ; in  fact,  it  is  sometim.es  abbrevi- 
ated  to  half  an  hour.  In  the  latter  case,  steam  is  admit- 
ted to  raise  the  temperature  of  the  chamber  to  140°  F., 
and  a large  quantity  of  formalin  is  then  sprayed  in 
during  one  minute.  It  has  been  calculated  that  the 
amount  of  formalin  needed  per  cubic  yard  of  room 
.Space  IS  H oz.  of  40  per  Cent  formalin,  eipiivalent  to 
}■  oz.  of  formaldebyde.  'I'he  Japanese  metbod  is 


8H 


DISJM-KC’I'ION 


iiupei'fect  in  so  far  as  the  disinfection  achievwl  is  für 
the  most  part  merely  superficial.  The  vapours  flowing 
into  the  cliamber  are  Condensed  at  once,  owing  to  the 
extensive  cooling,  and  mix  with  the  air  of  the  chamber 
to  form  mist.  Hence  they  are  in  no  wise  suitable  for 
displacing  the  air  in  the  pores  of  the  articles  treated, 
being  obliged  to  condense  on  coming  in  contact  with 
any  surface.  In  practice  the  method  suffers  from  the 
further  drawback  that  the  large  consumption  of  formalin 
renders  it  extremely  expensive — though  the  Japanese 
regard  this  defect  as  counterbalanced  by  the  rapidity 
of  the  method  and  the  low  cost  of  the  apparatus ; and 
it  is  also  troublesome  to  carry  out,  by  reason  of  the 
escape  of  formalin  vapour  through  unavoidable  leaks. 
On  the  other  band,  it  fnust  be  admitted  that  the  sur- 
face disinfection  obtained  by  the  method  is  exceedingly 
thorough,  and  that  a penetrative  efifect  is  sometimes 
achieved  in  consequence  of  the  wetting  of  the  articles 
by  the  copious  fog,  whilst  there  is  no  risk  of  injuring 
them,  especially  leather  and  fürs.  At  all  events  the 
majority  of  the  disease  germs  present  are  killed,  pro- 
vided  the  Operation  is  conducted  with  skill,  and  there- 
fore  the  method  does  admirable  work. 


CHAPTER  IV. 


C'JMBINP:D  SYSTEMS  OF  DISINFFGTION. 

Under  this  heading  will  be  described,  not  any  special 
Systems  consisting  in  the  simultaneous  or  successive 
use  of  different  disinfectants  for  the  attainment  of  a 
particular  purpose,  but  rather  mutually  complementary 
coinbinations  of  physical  and  Chemical  disinfection  pro- 
cesses.  Strictly  speaking,  any  increase  in  the  tempera- 
ture  of  a disinfecting  liquid  forms  a combination  of 
physical  and  Chemical  disinfection,  since  the  action  of 
the  Chemical  process  is  supplemented  by  the  heat,  and 
vice  versa.  Such  conditions,  however,  need  no  further 
discussion.  For  the  combination  of  steam  and  Chemical 
disinfectants  the  biological  considerations  are  compara- 
tively  simple,  and  the  chief  advantage  of  such  combined 
methods  resides  on  the  physical  side. 

Froin  the  biological  standpoint,  tbe  following  con- 
siderations apply : Water  at  boiling  temperature  has  a 
very  powerful  destructive  action  on  spores.  Steam 
being  a gas,  its  use  in  combination  with  other  agents 
is  restricted  to  those  which  are  either  already  gaseous 
or  at  least  volatile ; and  among  these,  formaldehyde 
occupies  the  highest  position.  It  is  now  ascertained 
beyond  any  doubt  that  the  disinfecting  power  of  steam 
at  212°  F.  can  be  further  augmented  by  admixture 
with  volatile  disinfectants.  This  can  easily  be  demon- 
strated  in  the  case  of  biglily  resistant  spores.  Tn  prac- 
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tice,  however,  this  is  of  no  special  iinportance,  the 
disinfectant  properties  of  steam  at  the  above  tempera- 
ture  being  already  so  great  as  to  exceed  the  ne^s  of 
inost  practical  instances.  Now  the  great  advantage  of 
disinl'ecting  with  steain  is  that,  in  closed  apj^aratus,  it 
displaces  the  air  completely,  even  in  the  ]jores  of  the 
articles  treated,  and  thus  quickly  achieves  a maximum 
penetrative  effect — provided  the  pores  are  not  choked 
up — without  softening  the  articles  themselves.  The 
reason  why  steam  disinfection  is  not  applicable  in  all 
cases  is  that  the  high  temperature  of  the  steam  de- 
stroys  many  articles,  especially  those  of  leather  or  für. 
In  these  circumstances  the  idea  naturally  suggests  it- 
self  to  combine  volatile  or  gaseous  disinfectants  with 
water  vapour  generated  at  low  temperature  by  the  aid 
of  a vacuum,  and  which  under  ordinary  conditions  has 
practically  no  disinfectant  povver  below  176°  F. 

The  vapour,  inert  per  se,  which  rapid  ly  penetrates 
through  porous  articles,  will  act  as  a carrier  of  a power- 
ful  disinfectant  and  enable  the  latter  to  act  inside  the 
articles.  The  experiments  carried  on  by  Eubner  to 
ascertain  how  this  could  be  done,  showed  the  possibility 
of  combining  saturated  water  vapour  of  low  tempera- 
ture with  a whole  series  of  disinfectants,  seemingly 
adapted  to  furnish  suitable  results.  He  found  that 
carbolic  acid,  sulphur  dioxide,  hydrogen  peroxide,  and, 
more  especially,  formaldehyde,  will  mix  in  sufficient 
quantity  with  water  vapour  when  exposed  to  boiling 
water  or  the  vapour  itself  is  blown  through  their  Solu- 
tions. On  the  other  hand  the  percentage  of  disinfec- 
tant in  the  combmed  vapours  differs  considerably  from 
that  of  the  boiling  liquid  ; and  the  ratio  of  these  con- 
centrations  varies  considerably,  in  turn,  with  the  altera- 
tion  effectcd  in  the  boiling  temperature  by  altering  the 
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pressui-e  of  the  air.  To  bring  this  state  of  affairs  into 
a clear  light  the  following  table,  relating  only  to  forin- 
aldehyde,  is  giveii,  showing  the  boiling  points  of  the 
formaldehyde  mixture  at  different  pressures,  and  the 
percentage  of  formaldehyde  in  the  resulting  vapours  : — 
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This  demonstrates  that,  at  ordinary  atmospheric 
pressure,  the  vapours  contain  more  formaldehyde  than 
the  boiling  liquid ; but  that  when  the  pressure  is 
artificially  reduced  the  concentration  of  the  vapours 
diminishes  considerably  in  proportion  to  the  liquid  as 
this  reduction  proceeds.  Rubner  also  found  that  the 
penetrative  power  of  attenuated  vapours  into  porous 
articles  is  not  inferior  to  that  of  steain  at  212°  F. 
The  biological  action  of  saturated  water  vapour  at  low 
temperatures,  in  combination  with  a series  of  volatile 
disinfectants,  was  investigated  by  Christian.  The  re- 
sults,  as  might  be  expected,  showed  the  superiority  of 
formaldehyde  over  all  others  as  an  adjunct  to  water 
vapour  at  112°  to  140°  F.  Ilowever,  in  order  to 
utilize  the  activity  ol  formaldehyde  to  the  full,  an 
appm.\imateiy  H per  cent  solution  of  tliat  siibstance 
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must  he  used,  at  the  temperatures  in  question,  thc  re- 
sulting  vapour  containing  about  3 per  cent  of  formalde- 
hyde.  The  destructive  effect  of  this  vapour  on  spores 
is  equal  to  that  of  steam  at  212“  F. 

Very  favourable  results  were  also  öbtained  with 
thymol,  though  only  at  temperatures  above  its  melting- 
point  (178|°  F.).  Apparently  the  vaporization  of 
thymol  from  the  liquid  proceeds  far  more  energetically 
than  from  the  crystalline  substance.  Remarkably 
enough  the  best  results  were  öbtained  from  Solutions 
or  emulsions  of  2 to  5 per  cent  strength,  which  also 
act  more  powerfully  than  those  of  higher  concentra- 
tion.  No  certain  explanation  of  this  fact  has  yet  been 
adduoed.  x\mong  the  other  volatile  substances,  car- 
bolic  acid,  carvacrol,  and  acrolein  rank  about  equally 
but  are  not  capable  of  practical  application ; whilst 
hydrogen  peroxide,  oil  of  turpentine,  iodoform,  naphtha- 
lene,  and  the  other  substances  examined  have  no 
bactericidal  properties  at  all  under  these  conditions. 

I.  Gärtnek’s  Method  of  Disinfecting  Boüks. 

The  disinfectant  properties  of  alcohol  in  combina- 
tion  with  water  vapour  and  diminished  pressure  have 
been  utilized  by  Gärtner  in  devismg  a method  which 
has  been  patented  by  A.  Scherl,  Berlin,  and  is  adapted 
to  the  disinfection  of  books.  The  apparatus  for  this 
method  is  constructed  by  Wegelin  & Hübner,  Halle-on- 
Saale.  The  method  is  based  on  the  principle  of  ad- 
mitting  alcohol  vapour  into  a pre-heated  vacuum 
chamber,  the  vapour  condensing  on  the  surface  of  all 
the  articles  therein  and  thus  destroying  any  disease 
germs  present.  The  apparatus  consists  of  the  disin- 
fecting chamber,  heater,  and  auxiliarv  appliances.  The 
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l)u.)kö  are  raised  to  a temperature  ol'  125°  F.  in  the 
heater,  which  takes  the  form  of  an  ordinary  liot  cup- 
board  in  four  parts,  the  walls  and  partitions  forming 
water  jackets.  The  heating  of  the  books  proceeds  from 
the  outward  surfaces  by  conduction  alone,  and  thus  it 
takes  at  least  several  hours  to  warm  them  through  when 
the  volumes  exceed  a moderate  thickness.  From  the 
heater  the  books  are  transferred  on  four  slides  to  the 
disinfecting  chamber,  and  are  arranged  on  end  with 
the  covers  opened  out.  The  disinfection  chamber  is 
provided  with  a water  jacket  3^  inches  thick,  which  is 
heated  to  140°  F.  before  the  books  are  introduced,  so 
that  this  temperatm-e  prevails  approximately  through- 
out  the  chamber.  The  chamber  being  hermetically 
closed,  the  internal  air  is  pumped  out  until  the  pressure 
gauge  marks  only  60  mm.  of  mercury,  equivalent  to 
a vacuum  of  700  mm.  According  to  Gärtner,  under 
these  conditions  the  leaves  of  the  books  separate  and 
stand  apart.  In  the  meantime  a disinfectant  fluid, 
consisting  of  water  and  alcohol  in  equal  parts  (about 
3 gallons  per  1000  books),  is  heated  to  176°  F.  in  a 
copper  vessel  on  the  water  bath,  this  temperature  corre- 
sponding  approximately  to  the  boiling  point  of  alcohol 
under  ordinary  pressure.  The  copper  vessel  is  her- 
metically closed  and  connected  with  the  disinfection 
chamber  by  opening  the  intervening  tap,  whereupon 
the  disinfecting  liquid  boils  immediately  owing  to  the 
diminished  pressure.  The  vapours  thus  liberated  are 
conducted  into  the  chamber  through  eight  uniformly 
distributed  perforated  pipes,  which,  in  Order  to  prevent 
condensation,  are  mounted  alongside  corresponding 
steam  pipes.  At  the  same  time  the  said  pipes  are 
arranged  in  covered  trays,  which  collect  any  liquid 
condensing  at  the  perforations,  and  thus  iirevent  the 
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spurting  of  such  liquid  iiito  the  chaiiibcr.  'J'he  auhiiis- 
sion  of  vapour  is  continued  for  fifteen  to  twenty  min- 
utes,  by  which  time  the  vacuum  has  receded  to  400  mm. 
The  books  in  the  chamber  being  several  degrees  cooler 
than  the  internal  space  and  the  alcohol  vaprmrs,  the 
latter  condense  as  a thin  film  on  the  surface  of  the 
books,  which  are  thereby  gradually  warmed  to  ] 40’  F. 
whereupon  the  alcohol  vaporizes  anew.  At  the  end 
of  one  to  one  and  a half  hours,  the  vapcjur  atmosphere 
is  expelled  from  the  chamber  by  the  admission  of  air, 
an  Operation  which  takes  ten  to  fifteen  minutes;  and 
after  half  an  hour  longer,  to  enable  the  final  traces  of 
disinfectant  to  be  eliminated  by  evaporation  in  the 
warm  air,  the  process  is  complete. 

When  the  chamber  is  opened,  a little  over  half  a pint 
of  Condensed  liquid  (containing  about  30  per  cent  of 
alcohol)  will  be  found  at  the  bottom.  According  to 
Gärtner  all  pathogenic  germs,  except  sporulating  an- 
thrax  and  tetanus  bacilli,  are  destroyed  with  certainty 
by  this  treatment,  especially  tubercle  bacilli,  staphy- 
lococci,  and  the  bacilli  of  diphtheria,  typhus,  dysentery, 
etc. 

The  method  is  chiefly  one  of  surface  disinfection, 
though,  by  reason  of  the  technical  arrangements  em- 
ployed,  it  approaches  very  closely  to  a true  penetrative 
process.  Whilst  the  prearranged  vacuum  generates 
true  vapours  from  the  already  boiling  hot  disinfecting 
liquid,  these  vapours  destroy  the  vacuum  and  set  up 
a gas  pressure  which  induces  condensation.  The  re- 
sulting  fall  in  pressure  does  not,  perhaps,  play  any  im- 
portant part  in  relation  to  the  subsequently  admitted 
vapour.  Condensation  naturally  takes  place  on  the 
cooler  surfaces,  i.e.  on  the  leaves  of  the  books ; and  if 
it  be  really  the  fact  that  the  evacuation  of  the  air  in 
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tlie  chamber  causes  the  leaves  to  stand  apart,  then 
practically  all  portions  of  the  books  that  are  accessible 
to  disease  gerins  will  be  exposed  to  the  disinfecting 
liquid,  which — as  there  seems  no  reason  to  doubt — is 
capable,  from  its  coinposition  and  temperature,  of  de- 
stroying  the  vegetative  forms  of  pathogenic  germs  in 
the  time  allow'ed  for  the  Operation.  A few  remote 
hiding  places,  such  as  where  the  leaves  are  fastened, 
and  into  which  the  mixture  of  air,  vapour,  and  mist 
cannot  penetrate,  will  always  escape  treatment ; but 
since  by  reason  of  their  small  dimensions  these  places 
will  also  very  soon  attain  the  temperature  of  140°  F., 
the  majority  of  the  concealed  germs  will  probably  be 
destroyed.  On  account  of  this  last  named  circumstance, 
the  method  is  not  a perfect  one  ; but,  provided  the  tech- 
nical  arrangements,  especially  the  isolation  of  the  leaves 
and  the  distribution  of  the  vapour,  act  properly,  that 
circumstance  is  practically  negligible.  On  the  other 
band,  the  method  is  very  expensive,  the  prolonged 
heating  up  of  the  books  and  chamber  (the  latter  taking 
over  two  hours),  the  heating  of  the  disinfecting  liquid 
in  the  water  bath,  and  the  heating  of  the  steam  pipes 
in  the  chamber,  entailing  a large  consumption  of  fuel. 
The  attainment  of  the  vacuum  necessitates  the  Pro- 
vision of  an  air  pump,  and  the  chamber  must  be 
stTongly  built  and  air  tight.  Finally,  the  disinfectant 
u.sed,  alcohol,  is  one  of  the  dearest  of  all. 

II.  Fokmalin  Vai’oitk  Method. 

On  the  basis  of  experiment  Von  Esmarch,  in  1902, 
proposed  to  employ  water  vapour,  formalin,  and  a partial 
vacuum  for  protective  disinfection.  He,  however,  did 
not  fully  recognize  the  true  importance  of  the  vacuum 
in  the  production  of  unconfined  water  vapour  of  low 
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temperatui-e,  but  iiierely  operated  with  an  initial  vacuuni, 
which  soon  disappeared  in  consequence  of  the  liberation 
of  steam. 


(a)  Weimar  Apparatus. 

Von  Esmarch’s  ideas  found  application  in  a number 
of  disinfection  apparatus,  only  one  of  which,  however, 
the  Weimar  apparatus  (Gebr.  Schmidt,  Weimar)  ap- 
pears  to  be  still  on  the  market.  In  this  apparatus 
the  disinfection  vessel,  alter  being  charged  with  the. 
material  under  treatment  and  hermetically  closed,  is 
evacuated,  by  means  of  an  air  pump,  to  a pressure  of 
about  160  mm.  mercury  gauge  (equivalent  to  a 600 
mm.  vacuum),  whereupon  steam  laden  with  formalde- 
hyde  is  admitted  through  a number  of  distributed 
nozzles.  The  steam  under  slight  pressure  (tem- 
perature  216°  to  231°  F.)  is  charged  with  formaldehyde 
from  a drop  apparatus  in  the  feed  pipe  (Fig.  15).  In 
consequence  of  the  admission  of  steam  into  the  chamber 
the  vacuum  is  diminished,  and  at  the  same  time  the 
temperature  rises  to  about  158°  F.,  at  which  point  the 
supply  of  steam  is  shut  off  until  the  internal  tempera- 
ture has  receded.  The  steam  cock  is  then  reopened, 
and  again  closed,  so  as  to  maintain  the  temperature  at 
158°  F.  for  about  an  hour.  By  the  time  the  process 
is  completed,  the  vacuum  has  fallen  to  200  mm.  or 
thereabouts,  so  that  the  chamber  contains  air  at  a 
tension  of  160  mm.  and  steam  at  a tension  of  400 
mm.,  that  is  to  say,  charged  with  about  one-thii-d  of 
air.  Moreover  a lai’ge  portion  of  the  admitted  steam 
is  obliged  to  condense  on  the  surfaces  of  the  materials, 
and  is  liable  to  choke  up  the  pores  in  same.  Fven 
assuming,  from  the  nozzle  arrangement,  that  the  air 
and  steam  are  perfectly  mixed,  this  mixing  cannot 
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extencl  to  the  interior  of  the  pores.  The  forces  cap- 
able  of  driving  the  air  out  of  the  pores  are  not  present 
to  more  than  a slight  extent,  and  rest  exclusively  on 
the  partial  elimination  of  the  original  vacumn,  the 


Fiti.  15. — tN'eiiiuii'  Apparatus. 

II,  Disinfeetion  chainber.  B,  Sfceam  boiler.  C,  Drop  iippanitii.s 
for  forinalin.  D,  Air  pump. 

force  of  gravitation  which  acts  in  ordinary  steaiu  dis- 
infection  being  excluded  by  the  whole  arrangement  of 
the  method.  ft  therefore  follows  that  disinfection  of 
this  kind  must  be  iinperfect,  cspecially  as  regards  pene- 
trative  etfect. 

(h)  Hamburg)  A /> parat us. 

Kister  and  Trautmann,  who  originally  worked  on 
the  above  lines,  afterwards  recognized  the  true  imjiort 
ol  the  vacuum,  namely  in  the  prodiiction  of  unconfined 
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water  vapour  at  low  temperature,  so  as  to  bring  about 
the  same  physical  conditions  as  with  ordinär}'  steain 
under  atmospheric  pressure.  However,  to  rnajntain 
these  conditions  at  constant  value,  it  is  necessary  to 
continue  to  evacuate  the  vessel  during  the  Operation  of 
disinfection,  so  that,  despite  the  liberation  of  the  vapour, 
a constant  pressure  is  obtained.  The  original,  unira- 
proved  Hamburg  apparatus  (Boy  & Eath,  Duisburg) 
comprised  a disinfection  vessel,  in  the  bottom  of  which 
stood  a pan,  charged  with  a 1 per  cent  solution  of 
formalin  and  adapted  to  be  heated,  and  an  exhausting 
device  operated  by  a steam  injector.  This  apparatus 
was  attended  with  the  same  defects  as  those  first  used 
for  steam  disinfection.  The  vapour  liberated  from 
the  heated  liquid  after  the  evacuation  of  the  air  in  the 
chamber  was  obliged  to  ascend  through  the  air  to  the 
top  of  the  chamber,  to  then  expel  the  air  from  above, 
and  consequently  became  so  charged  with  air  during 
its  upward  course  as  to  imperil  any  regulär  action.  In 
the  newer  form  of  apparatus  (Big.  16)  constructed  by 
R.  Hartmann,  Berlin,  the  vapour  liberated  from  a 2 per 
Cent  solution  of  formaldehyde  is  admitted  into  the 
top  of  the  disinfection  vessel,  and  consequently  the 
apparatus  would  be  perfect,  from  the  scientific  point  of 
view,  were  it  not  that  the  method  of  working  exhibits 
certain  technical  defects.  For  example,  the  steam 
injector  is  not  capable  of  continuously  maiutaining  a 
sufficient  vacuum  to  keep  the  vapour  temperature  be- 
low  149°  F.,  which  is  the  highest  permissible  tempera- 
ture for  the  disinfection  of  leather.  On  this  account 
the  prescribed  working  temperature  (158°  F.)  of  the 
Hamburg  apparatus  renders  it  unsuitable  for  that 
purpose.  Moreover  the  initial  solution  contains  only 
2 per  Cent  of  formaldehyde,  which  liberates  a vapour 
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contaiuing  only  l'l  per  ceiit  of  that  substauce  and 
therefore  not  capable  by  a long  way  of  exerting  the 
maxiinum  disinfectant  power  of  the  agent.  Again, 


Fiii.  IG. — Htiinl>urg  Apparatus. 

A,  DLsinfection  chaiiiber.  B,  Foriiialiii  vessel.  C,  Steam  builer. 
Ü,  8team  iujector. 

the  consumption  of  forinalin  in  tbis  method  is  so  large 
that  the  use  of  the  rnost  suitable  formaldehyde  solution 
(0  to  ft  per  Cent  strength)  would  be  too  expensive.^ 


‘The  Hamburg  ap(»ai'atiw  caii  iiow,  if  desired,  be  «uppliod  with 
an  air  i)ump  and  formalin  trap,  aiid  tbiw  aaiuirea  the  character  of 
the  Riibner  apparatu.s. 
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(c)  Ruhner  Apparatv.H. 

The  Eubner  apparatus  (F.  & M.  Lauten  Schläger, 
Berlin)  consists  of  a disinfection  chamber,  recipro- 
cating  air  pump,  formalin  generator  and  formalin 
trap ; and  in  cases  where  there  is  no  available  Con- 
nection with  a steam  main,  it  is  also  fitted  with  a 
steam  boiler  (Fig.  17).  The  apparatus  is  universal 
in  its  action,  being  capable  of  operating  with  steam 
under  pressure  and  in  vacuo,  with  or  without  com- 
bination  with  Chemical  disinfectants.  The  steam 
generator  serves  a variety  of  purposes  : (1)  For  ordin- 
aiy  steam  disinfection  with  or  without  pressure ; (2) 
for  heating  the  radiators  supplying  heat  to  the  dis- 
infection chamber  before  and  after  the  Operation ; (3) 
for  working  the  air  pump  ; (4)  for  heating  the 
formalin  liquid  by  means  of  a coil.  The  disinfection 
is  carried  on  in  the  following  manner : After  the 
chamber  has  been  charged  with  the  material  under 
treatment  and  has  been  moderately  pre-heated,  all  the 
vessels  constituting  the  apparatus  being  hermetically 
closed,  a vacuum  of  600  mm.  is  produced  throughout 
the  apparatus  by  means  of  the  air  pump,  and  the 
formalin  liquid  is  heated  to  boiling  by  the  steam  coil, 
the  boiling-point  under  the  prevailing  pressure  being 
140°  F.  The  vaporu’s  enter  the  disinfection  chamber 
from  above,  and,  as  in  the  ordinary  steam  disinfection 
apparatus,  expel  the  air  by  degrees  from  above  down- 
wards,  so  that  this  air  escapes  at  the  lowest  point  of 
the  chamber,  traverses  the  formalin  trap  and  air  pump, 
and  is  discharged  through  the  boiler  fire  into  the  at- 
mosphere.  When  the  chamber  is  filled  with  formalin 
vapour,  which  is  the  case  when  the  thermometer  in 
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the  escape  pipe  registers  140“  F.,  the  formaÜn  vapour 
escaping  froni  the  chainber  is  Condensed  in  the  water- 
cooled  forinalin  trap  and  retained  there.  The  air  pump 
and  forinalin  generator  are  regulated  so  that,  whilst 
inaintaining  the  vacuum,  the  flow  of  vapour  through 
the  apparatus  is  rediiced  to  a minimum.  Given  etficient 
cooling  of  the  forinalin  trap  none  of  the  disinfection 
vapour  is  lost,  so  that  the  Condensed  liquid  can  be 


Fici.  17. — Rubner  Apparatus. 

A,  Steam  Vjoiler.  B,  Air  pump.  C,  Formalin  generator.  D, 
Formalin  trap.  K,  Disinfection  chamber.  F,  Shelves  for  material 
linder  treatment.  G,  Chamber  door. 

used  over  again  after  being  pumped  into  the  formalin 
generator.  This  arrangement  ensures,  on  the  one 
hand,  the  advantage  that  the  original  concentration  of 
the  formalin  liquid  can  be  maintained  without  difliculty, 
thus  preventing  the  deposition  of  parafonn  which  would 
occur  if  the  concentration  increased  as  a result  of  boil- 
ing,  since  the  vapour  from  the  8 per  cent  liquid  contains 
only  8 per  cent  of  formaldehyde.  The  chief  advantage, 
however,  resides  in  the  cheaimess  of  the  Operation,  the 
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saiiie  Charge  of  liquid  sufficing  for  a numl>er  of  disin- 
feciions. 

These  technical  improvemeuts  fill  a wide  gap  in  prac- 
tical  disinfection.  Whereas,  formerly,  leather  goods 
and  fürs  could  only  be  disinfected  in  an  imperfect 
manner  by  washing  with  disinfectant  Solutions,  and 
never  without  risk  of  damage,  these  materials,  which 
are  very  susceptible  to  the  effect  of  heat,  can  now  be 
disinfected  thoroughly  without  the  least  danger  of  in- 
jury. 

An  interesting  modification  of  the  Eubner  apparatus 
is  the  portable  form  illustrated  in  Fig.  18.  The  disin- 
fection chamber  is  charged  from  the  side,  and  the  rear- 
wardly  mounted  steam  boiler  is  fired  from  the  back, 
whilst  the  formalin  generator,  formalin  trap,  and  air 
pump,  are  mounted  under  the  driver’s  seat.  Since  the 
walls  of  the  apparatus  have  to  withstand  considerable 
external  pressure,  they  would,  if  constructed  in  the 
ordinary  manner,  have  to  be  very  heavy  to  ensure 
strength.  To  obviate  this  a special  form  of  construc- 
tion  has  been  devised  by  the  makers,  both  for  the  port- 
able a^pparatus  and  a number  of  the  stationary 
patterns,  namely  by  building  the  walls  in  segment  of 
a sphere,  with  the  convexity  partially  directed  inward, 
the  edges  being  rounded  off.  In  this  way  the  pressure, 
which  otherwise  would  tend  to  force  the  middle  por- 
tion  of  the  flat  walls  inward,  is  distributed  uniformly 
over  the  whole  surface.  The  barrel  form  of  chamber 
which  would  achieve  the  same  purpose  leads  to  diöi- 
culties  in  charging  the  apparatus. 

The  new  method  of  disinfection  has  also  a less  in- 
jurious  action  on  other  sensitive  materials,  fine  fabrics, 
colours,  etc.  than  is  the  case  with  steam  at  ‘212°  F. 
It  has  also  afforded  the  first  satisfactory  solution  of  the 
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diöicult  and  much  discussed  problem  of  book  disint'ec- 
tion.  If  the  books  be  piled  up  loosely  in  a properly 
working  vacuuin  apparatus,  they  will  all  be  thoroughly 
disinfected  without  the  slightest  injury  to  the  leaves, 
text,  or  binding.  Consequently  the  method  has  the 
following  points  of  superiority  over  the  Gärtner  method 
inade  public  in  1909 : (1)  Uniform  penetrative  action, 
even  the  smallest  air  spaces  being  traversed  by  the 
vapour ; (2)  increased  bactericidal  properties,  which 
extend  even  to  the  spores  of  anthrax  and  tetanus 


Fig.  18. — Portable  ßubner  Apparatus. 

A,  Steam  boiler.  B,  Chimney.  C,  Disinfection  chamber.  D, 
Air  pump.  K,  Formalin  generator.  F.  Formalin  trap. 

bacilli,  whereas  vegetative  forms  alone  are  killed  by 
alcohol  vapour  ; (3)  the  duration  of  treatment  is  re- 
duced  to  one  hour  at  most,  as  compared  with  the  four 
to  five  hours  of  the  Gärtner  method  ; (4)  cheapness,  the 
first  Charge  of  formahn  for  a chamber  with  a cubical 
capacity  of  3 cubic  yards  costing  12s.  Since  the  same 
Charge  of  formalin  can  be  used  repeatedly,  the  cost  per 
Operation — apart  from  the  fuel  consumed — is  only  74d. 
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if  the  Charge  is  used  twenty  times,  and  of  course  less  if 
the  same  Charge  he  employed  longer. 

It  may  be  expected  that  the  labours  of  Science  and 
technics  will  yield  additional  fruit  in  connection  with 
remedying  existing  small  defects,  and  introducin«; 
further  improvements.  Taking  all  things  into  con- 
sideration,  however,  sufficiently  powerful  weapons  are 
already  available  against  all  possible  dangers  of  infec- 
tion;  and  the  successful  application  of  these  weapons 
resolves  itself  into  the  suitable  traiuing  of  experts,  the 
edueation  of  the  public,  and  efficient  supervision. 


THE  END. 


INDEX 


Acetic  aeid  as  disinfectant,  52,  53. 
Acids  as  disinfectant.s,  52-4,  70. 

Air,  sterilizing  by  hot,  14. 

Alcohol,  disinfecting  with,  05. 
.\)eoholic  soaps  and  tinctures  as  dis- 
infectants,  50. 

Alcohols  as  disinfectants,  57-0. 
Alkalis  as  disinfectants,  52-4. 
Ammonia  in  fornialin  disinfection, 
80-2.  i 

— vaporizer,  80-2. 

Angerer’s  Sublimate  pastilles,  07. 
-\nthrax  germs,  16. 

— spores,  destroying,  61,  62. 
Antifomiin  as  disinfectant,  61-2. 
-\pparatus,  disinfection,  71,  72,  74, 

76-88,  02-104. 

•\uthan  method  of  disinfection,  82-4. 
Autoclave,  31. 

“ .Automors,”  57. 

Bacilix)L,  57. 

Bacteria,  action  of  poisons  on,  45. 

— effect  of  agitation  on,  44. 

of  boiling  water  on  vegetative, 

38. 

— Carbon  dioxide  on,  44. 

— high  pressure  on,  44. 

light  on,  42,  43. 

oxygen  on,  44. 

radium  on,  43. 

— resting  spores  of,  10. 

Bedding,  disinfecting,  87,  88. 

Beer,  pa.steurizing,  30,  40. 

Berghaus  on  sterilizing  milk,  44. 
Berolina  fonnalin  apparatus,  77. 
Bleaching  powder  as  disinfectant, 

63. 

Book.s,  disinfecting,  17-0. 

02-104. 

— infection  of,  16. 


Breslau  formalin  apparatus,  78,  81. 
Bromine,  62,  63. 


C.AMPHOR  as  preservative,  66. 
Carbolic  acid  as  disinfectant,  56,  57. 
See  also  Phenol. 

Carbon  monoxide,  as  disinfectant, 
70,  72. 

Chemical  disinfection,  45-88. 
Chlorine  as  disinfectant,  62,  63. 
Chloroform  as  disinfectant,  66. 
Cholera  bacilli  and  oxygen,  44. 
Citric  acid  as  disinfectant,  52,  5.3. 
Clayton  apparatus,  71,  72. 

Clothing,  disinfecting,  87,  88. 
Coagulation,  effect  of  moisture  on^ 
11,  12,  10. 

Coli  bacillus,  destroying,  44. 

Colonia  formalin  sprayer,  76-7. 
Combined  Systems  of  disinfection^ 
80-104. 

Concentration  in  relation  to  bacteri- 
cidal  action,  48. 

Copper  as  disinfectant,  51. 

' Creolin  as  disinfectant,  57. 

“ Cresols  ” as  disinfectants,  57. 
"Cresol”  tablets,  60. 

Disease  germs,  dissemination  of,  3. 
— — induence  of  teniperature  on, 
0-12,  30. 

Diseases,  cause  of  infectious,  2. 

Döit  it  Haubitschek’s  disinfecting 
process,  84. 

Dysentery  germs,  destroying,  44. 

Ki-kctiiic  currents  inelTectivo,  43. 
Kvans  A BusseU's  disinfecting  pro- 
cesK,  84. 
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Food  stuffs,  sterilizing,  30. 
Fornmldehyde  as  disinfectant,  04, 
74-83,  yO,  95-104. 

Formalin  apparatus,  70-82,  95-104. 

— as  disinfectant,  04,  95-104  ; see 

also  Formaldehyde. 

— pastilles,  74. 

Gäutneu’s  method  of  disinfecting 
books,  92-5. 

Gaseous  disinfectants,  70-6. 

H.^mburg  disinfection  apparatus, 
97-9. 

Heat  as  a disinfectant,  8-41. 

— dry,  disinfecting  by,  9-19. 

— moist,  disinfecting  by,  19-34. 
Hydrochloric  acid  as  disinfectant, 

52. 

Hydrogen  peroxide  as  disinfectant, 
59,  60. 

Humidity,  Optimum  for  disinfection, 
18. 

Instruments,  sterilizing,  35-6,  41. 
lodine  as  disinfectant,  63. 
lodoform,  63. 

J.\p.\NESE  method  of  disinfection, 
86-8. 

Koch  on  testing  disinfectants,  47. 
Koch’s  Steamer,  19,  20. 

Lautenschläger  steam  disinfecting 
apparatus,  26-8. 

Leather,  disinfecting,  17-9. 

— effect  of  high  temperature  on, 

32. 

Light  rays,  disinfection  by,  41-3. 
Lime  as  disinfectant,  53. 

Lingner  formalin  apparatus,  78. 
Liquid  disinfectants,  .50-70. 

Liquids,  hot,  as  disinfectants,  34-41. 
Lockemann  & Croner’s  disinfecting 
process,  84-6. 

“ Lysoform  ” as  disinfectant,  04. 

“ Lysol  ” as  disinfectant,  57. 

— tablets,  69. 


Mkchanical  iniluences  and  disinfec- 
tion,  44. 

Menthol  as  preservative,  W. 

Mercury  as  disinfectant,  51. 

— dichloride,  as  disinfectant,  54. 

— ethylenediamine  sulphate  as  dis- 

infectant,  54. 

— oxycyanate  as  disinfectant,  54. 
Metakalin,  69. 

Metallic  salts  as  disinfectants,  .54-6. 
Metals,  disinfectant  ac-tion  of,  -50. 
Milk,  pasteurizing,  39,  40. 

Mustard,  oil  of,  as  disinfectant,  06. 

Naphthalene  as  preservative,  66. 
Nitric  acid  as  disinfectant,  -52. 

Xocht  A Giemsa’s  disinfectant  gas, 
72. 

Ohlmüller’s  Spore  tester,  40,  47. 

Oil  baths  for  disinfection,  41. 
Oligodynamie  action  of  metals,  -51. 
Origanum  oil  as  disinfectant,  66. 
Oxalic  acid  as  disinfectant.  52,  68. 
O.xygen,  effect  of,  on  disease  germs, 
44. 

Ozone  as  disinfectant,  73,  74. 

Paraefin  baths  for  disinfection,  41. 
Paraform,  74. 

Pasteurization.  38-40. 

Pathogenic  germs,  action  of  metals 
on,  51. 

Permanganate  as  disinfectant,  61. 

— disinfection  with,  84-6. 

Peroxides  as  disinfectants,  -59-61. 
Persulphates,  61. 

Phenol  tablets,  68,  69. 

Phenols  as  disinfectants,  56-7. 
Phenostal  tablets,  68. 

Physical  disinfection,  6-44. 

Poisons,  action  of,  on  bacteria,  45. 
Preservatives,  6-5,  66. 

Proskauer  formalin  apiwratus,  76, 
77. 

Putrefactive  genns,  40. 

Radium  emanations  and  disinfection, 
43. 

Röntgen  mys  ineffective,  43. 
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Rootus,  (lisinfectinR  with  formalin, 
lG-82. 

Rubner  disinfeotion  apparatus,  100- 
4. 

— on  reduced-pressure  steam,  31, 

32. 

steam  disinfection,  20,  21. 

öcHEBisti  “ Aesculap”  lamp,  74. 
Segerin  tablets,  69. 

Silver  nitrate  a.s  disinfectant,  -54,  öö. 
Soaps  as  disinfectants,  -33. 

Spore  tester,  46,  47. 

Staphylococcus,  15. 

Steam  as  a disinfectant,  89-92. 

— disinfecting  apparatus,  20-8, 

.30-2. 

— disinfecting  by,  19-34. 

— disinfection,  biological  advantage 

of,  20,  21. 

— effect  of,  on  fabrics,  dyes,  etc.,  34. 

— impure,  28. 

— low-temperature,  31,  32. 

— ordinary,  19-28. 

— penetrative  action  of,  21-3. 

— reduced-pressure,  32. 

— superheated,  29. 

— ander  pressure,  29-31. 

— unsuitable  for  non-porous 

articles,  21. 

Sterilization  by  heat,  12-4. 

— fractional,  29. 


! Sterilizer,  dry,  13. 
i Sterilizer  for  instrunients,  35,  36. 
j — Koch’s,  19,  20. 

! Sublamine  as  disinfectant,  54. 

— tablets,  68. 

j Sublimate,  see  Mercury  Dichloride. 

— tablets,  67. 

I Sulphuric  acid  as  disinfectant,  52. 

I Sulphurous  acid  as  disinfectant,  70. 

Tabi  ets,  disinfectant,  67-70. 
Temperature,  influence  of,  on  bac- 
! tericidal  action,  49. 

Testing  disinfectants,  47,  48. 
Tetanus  gemis,  16. 

Thenuoregulator,  37,  38. 

Thymol  as  disinfectant,  66,  92. 
Toluol  as  disinfectant,  66. 

Tubercle  bacilli,  destroying,  61,  62. 

— bacillus,  the,  15. 

Turpentine,  oil  of,  as  disinfectant, 

66. 

Typhus  germs,  destroying,  44. 

Von  Esmakch’s  method  of  disinfec- 
tion, 95. 

Wateb,  disinfecting  with  copper 
plates,  51. 

— hot,  as  disinfectant,  34-40. 

— sterilizing  with  ozone,  73,  74. 
Weimar  disinfection  apparatus,  96-7. 
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(Paints,  Colours,  Pigments  and 
Printing  Inks.) 

THE  CHEMISTRY  OF  PIGMENTS.  By  Ernest  J. 
Parry,  B.Sc.  (Lond.),  F.I.C.j  F.C.S.,  and  J.  H.  Coste,  F.I.C., 
F.C.S.  Demy  8vo.  Five  Illustrations.  285  pp.  Price  10s.  6d. 
net.  (Post  free,  10s.  lOd.  home  ; 11s.  3d.  abroad.) 

THE  MANUFACTURE  OF  PAINT.  A Practical 

Handbook  for  Paint  Manufacturers,  Merchants  and  Painters. 
By  J.  Cruickshank  S.mith,  B.Sc.  Demy  8vo. 

[New  Edition  in  Preparation. 

DICTIONARY  OF  CHEMICALS  AND  RAW 
PRODUCTS  USED  IN  THE  MANUFACTURE 
OF  PAINTS,  COLOURS,  VARNISHES  AND 
ALLIED  PREPARATIONS.  By  George  H.  Hurst, 
F.C.S.  Demy  8vo.  380  pp.  Price  7s.  6d.  net.  (Post  free,  8s. 
home  ; 8s.  6d.  abroad.) 

THE  MANUFACTURE  OF  LAKE  PIGMENTS 
FROM  ARTIFICIAL  COLOURS.  By  Francis  H. 
Jennison,  F.I.C.,  F.C.S.  Sixteen  Coloured  Plates,  showing^ 
Specimens  of  Eighty-nine  Colours,  specially  prepared  from 
the  Recipes  given  in  the  Book.  136  pp.  Demy  8vo.  Price 
7s.  6d.  net.  (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

THE  MANUFACTURE  OF  MINERAL  AND  LAKE 
PIGMENTS.  Containing  Directions  for  the  Manu- 
facture  of  all  Artificial,  Artists  and  Painters’  Colours,  Enamel, 
Soot  and  Metallic  Pigments.  A text-book  for  Manufacturers, 
Merchants,  Artists  and  Painters.  By  Dr.  Josef  Bersch. 
Translated  by  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc.  (Lond.).  Forty- 
three  Illustrations.  476  pp.  Demy  8vo.  Price  12s.  6d.  net. 
(Post  free,  13s.  home  ; 13s.  6d.  abroad.) 

RECIPES  FOR  THE  COLOUR,  PAINT,  VARNISH, 
OIL,  SOAP  AND  DRYSALTERY  TRADES. 

Compiied  by  An  Analytical  Chemist.  330  pp.  Second  Revised 
and  Enlarged  Edition.  Demy  8vo.  Price  10s.  6d.  net.  (Post 
free,  11s.  home  ; 1 Is.  3d.  abroad.) 

OILMEN'S  SUNDRIES  AND  HOW  TO  MAKE  THEM. 

Being  a Collection  of  Practical  Recipes  for  Boot  Polishes,  Blues, 
.Metal  Polishes,  Disinfectants,  etc.,  compiied  from  "Oils,  Col- 
ours and  Drysalteries ".  Crown  8vo.  130  pages.  Price  2s.  6d. 
net.  (Post  free,  2s.  9d.  home  ; 2s.  lOd.  abroad.) 

OIL  COLOURS  AND  PRINTERS'  INKS.  By  Louis 

Edgar  And^is.  Translated  from  the  German.  215  pp.  Crown 
8vo.  56  Illustrations.  Price  5s.  net.  (Post  free,  5s.  4d.  home  ; 
5s.  6d.  abroad.) 
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MODERN  PRINTING  INKS.  A Practical  Handbook 

for  Printing  Ink  Manufacturers  and  Printers.  By  Alfred  Sey- 
MOUR.  Demy  8vo.  Six  Illustrations.  90  pages.  Price  5s.  net. 
(Post  free,  5s.  4d.  home  ; 5s.  6d.  abroad.) 

THREE  HUNDRED  SHADES  AND  HOW  TO  MIX 
THEM.  For  Architects,  Painters  and  Decorators.  By 

A.  Desaint,  Artistic  Interior  Decorator  of  Paris.  The  book  con- 
tains  100  folio  Plates,  measuring  12  in.  by  7 in.,  cach  Plate  con- 
taining  specimens  of  three  artistic  shades.  These  shades  are  all 
numbered,  and  their  composition  and  particulars  for  mixing  are 
fully  given  at  the  beginning  of  the  book.  Each  Plate  is  inter- 
leaved  with  grease-proof  paper,  and  the  volume  is  very  artistic- 
ally  bound  in  art  and  linen  with  the  Shield  of  the  Painters’  Guild 
impressed  on  the  cover  in  gold  and  silver.  Price  21s.  net.  (Post 
free,  21s.  6d.  home;  22s.  6d.  abroad.) 

HOUSE  DECORATING  AND  PAINTING.  By  W. 

Norman  Brown.  Eighty-eight  Illustrations.  150  pp.  Crown 
8vo.  Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home  and  abroad.) 

A HISTORY  OF  DECORATIVE  ART.  By  W.  Nor.ma.\ 
Brown.  Thirty-nine  Illustrations.  96  pp.  Crown  8vo.  Price 
Is.  net.  (Post  free,  Is.  3d.  home  and  abroad.) 

WORKSHOP  WRINKLES  for  Decorators,  Painters, 
Paperhangers,  and  Others.  By  W.  N.  Brown.  Crown  Svo. 
128  pp.  Second  Edition.  Price  2s.  6d.  net.  (Post  free,  2s.  9d. 
home;  2s.  lOd.  abroad.) 

CASEIN.  By  Robert  Scherer.  Translated  from  the 
German  by  Chas.  Salter.  Demy  8vo.  Illustrated.  Second 
Revised  English  Edition.  160  pp.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home ; 8s.  abroad.) 

SIMPLE  METHODS  FOR  TESTING  PAINTERS’ 
MATERIALS.  By  A.  C.  Wright,  M.A.  (O.xon.), 

B. Sc.  (Lond.).  Crown  Svo.  160  pp.  Price  5s.  net.  (Post  free, 
5s.  3d.  home ; 5s.  6d.  abroad.) 

IRON-CORROSION,  ANTI  FOULING  AND  ANTI- 
CORROSIVE  PAINTS.  Translated  from  the  German 
of  Louis  Edgar  Andes.  Sixty-two  Illustrations.  275  pp. 
Demy  Svo.  Price  lUs.  6d.  net.  (Post  free.  10s.  lOd.  home; 
11s.  3d.  abroad.) 

THE  TESTING  AND  VALUATION  OF  RAW 
MATERIALS  USED  IN  PAINT  AND  COLOUR 
MANUFACTURE.  By  M.  W.  Jones,  F.C.S.  A 

Book  for  the  Laboratories  of  Colour  Works.  88  pp.  Crown  Svo. 
Price  5s.  net.  (Post  free,  5s.  3d.  home  and  abroad.) 

For  Contents  of  thcsc  books,  sec  List  I. 
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THE  MANUFACTURE  AND  COMPARATIVE 
MERITS  OF  WHITE  LEAD  AND  ZINC  WHITE 
PAINTS.  By  G.  Petit,  Civil  Engineer,  etc.  Trans- 
lated  from  the  French.  Crown  8vo.  100  pp.  Price  4s.  net. 
(Post  free,  4s.  3d.  home  ; 4s.  4d.  abroad.) 

STUDENTS’  HANDBOOK  OF  PAINTS,  COLOURS, 
OILS  AND  VARNISHES.  By  John  Furnell. 

Crown  8vo.  12  Illustrations.  96  pp.  Price  2s.  6d.  net.  (Post 
free,  2s.  9d.  home  and  abroad.) 

PREPARATION  AND  USES  OF  WHITE  ZINC 
PAINTS.  Translated  from  the  French  of  P.  Fleury. 
Crown  8vo.  280  pages.  Price  6s.  net.  (Post  free,  6s.  4d.  home  ; 
6s.  6d.  abroad.)  published. 


(Varnishes  and  Drying  Oils.) 

THE  MANUFACTURE  OF  VARNISHES  AND 
KINDRED  INDUSTRIES.  By  J.  Geddes  McIntosh. 
Second,  greatly  enlarged,  English  Edition,  in  three  Volumes, 
based  on  and  including  the  work  of  Ach.  Livache. 

VOLU.ME  I.— OIL  CRUSHING,  REFINING  AND 
BOILING,  THE  MANUFACTURE  OF  LINO- 
LEUM, PRINTING  AND  LITHOGRAPHIC 
INKS,  AND  INDIA-RUBBER  SUBSTITUTES. 

Demy  8vo.  150  pp.  29  Illustrations.  Price  7s.  6d.  net. 
(Post  free,  7s.  lOd.  home;  8s.  abroad.) 

VoLU.ME  II.— VARNISH  MATERIALS  AND  OIL- 
VARNISH  MAKING.  Demy  8vo.  70  Illustrations. 
220  pp.  Price  lOs.  6J.  net.  (Post  free,  10s.  lOd.  home  ; 
1 Is.  3d.  abroad.) 

VoLU.ME  111.— SPIRIT  VARNISHES  AND  SPIRIT 
VARNISH  MATERIALS.  Demy  8vo.  lllustrated. 
464  pp.  Price  12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6d. 
abroad.) 

DRYING  OILS,  BOILED  OIL  AND  SOLID  AND 
LIQUID  DRIERS.  By  L.  E.  And^s.  E.xpressly 

Written  for  this  Series  of  Special  Technical  Books,  and  the 
Publishers  hold  the  Copyright  for  English  and  Foreign  Editions. 
Forty-two  Illustrations.  342  pp.  Demy  8vo.  Price  12s.  6d. 
net.  (Post  free,  13s.  home;  13s.  3d.  abroad.) 

{Analysis  of  Rcsins,  sec  pagc  9.) 
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(Oils,  Fats,  Waxes,  Qreases,  Petroleum.) 

LUBRICATING  OILS,  FATS  AND  GREASES  : 

Their  Origin,  Preparation,  Properties,  Uses  and  Analyses.  A 
Handbook  for  Oil  Manufacturers,  Refiners  and  Merchants,  and 
the  Oil  and  Fat  Industry  in  General.  By  George  H.  Hurst, 
F.C.S.  Third  Revised  and  Enlarged  Edition.  Seventy-frrur 
Illustrations.  384  pp.  Demy  8vo.  Price  10s.  6d.  net.  (Post 
free,  11s.  home  ; 11s.  3d.  abroad.) 

TECHNOLOGY  OF  PETROLEUM  : Oil  Fields  of  the 
World— Their  History,  Geography  and  Geology— Annual  Pro- 
duction and  Development — Oil-well  Drilling — Transport.  By 
Henry  Neuberger  and  Henry  Noalhat.  Translated  from  the 
French  by  J.  G.  McIntosh.  550  pp.  153  Illustrations.  26  Plates. 
Super  Royal  8vo.  Price  21s.  net.  (Post  free,  21s.  9d.  home; 
23s.  6d.  abroad.) 

MINERAL  WAXES : Their  Preparation  and  Uses.  By 
Rudolf  Gregorius.  Translated  from  the  German.  Crown  8vo. 
250  pp.  32  Illustrations.  Price  6s.  net.  (Post  free,  6s.  4d. 
home  ; 6s.  6d.  abroad.) 

THE  PRACTICAL  COMPOUNDING  OF  OILS, 
TALLOW  AND  GREASE  FOR  LUBRIGA- 
TION,  ETC.  By  An  Expert  Oil  Refiner.  Second 
Edition.  100  pp.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home  ; 8s.  abroad.) 

THE  MANUFACTURE  OF  LUBRICANTS,  SHOE 
POLISHES  AND  LEATHER  DRESSINGS.  By 

Richard  Brunner.  Translated  from  the  Sixth  German  Edition 
by  Chas.  Salter.  10  Illustrations.  Crown  8vo.  170  pp.  Price 
7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 8s.  abroad.) 

THE  OIL  MERCHANTS’  MANUAL  AND  OIL 
TRADE  READY  RECKONER.  Compiied  by 
Frank  F.  Sherriff.  Second  Edition  Revised  and  Enlarged. 
Demy  8vo.  214  pp.  With  Two  Sheets  of  Tables.  Price  7s.  6d. 
net.  (Post  free,  7s.  lOd.  home  ; 8s.  3d.  abroad.) 


ANIMAL  FATS  AND  OILS:  Their  Practical  Pro- 
duction, Purification  and  Uses  for  a great  Varicty  of  Purpwses. 
Their  Properties,  Falsification  and  Examination.  Translated 
from  the  German  of  Louis  Edgar  Andes.  Sixty-two  Illustrations. 
240  pp.  Second  Edition,  Revised  and  Enlarged.  Demy  8vo. 
Price  10s.  6d.  net.  (Post  free,  10s.  lOd.  home  ; 11s.  3d.  abroad.) 

For  Contents  of  these  books,  sec  List  /. 
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VEGETABLE  FATS  AND  OILS : Their  Practical 

Preparation,  Puriflcation  and  Employment  for  Various  Purposes, 
their  Properties,  Adulteration  and  Examination.  Translated 
from  the  German  of  Louis  Edgar  Andes.  Ninety-four  Illus- 
trations. 340  pp.  Second  Edition.  Demy  8vo.  Price  10s.  Od. 
net.  (Post  free,  11s.  home;  1 Is.  6d.  abroad.) 

EDIBLE  FATS  AND  OILS  : Their  Composition,  Manu- 
facture  and  Analysis.  By  VV.  H.  Si.mmons,  B.Sc.  (Lond.),  and 
C.  A.  Mitchell,  B.A.  (Oxon.).  Demy  8vo.  150  pp.  Price 
7s.  6d.  net.  (Post  free,  7s.  9d.  home  ; 8s.  abroad.) 

(Essential  Oils  and  Perfumes.) 

THE  CHEMISTRY  OF  ESSENTIAL  OILS  AND 
ARTIFICIAL  PERFUMES.  By  Ernest  J.  Parry, 

B.Sc.  (Lond.),  F.I.C.,  F.C.S.  Second  Edition,  Revised  and 
Enlarged.  552  pp.  20  Illustrations.  Demy  8vo.  Price  12s.  6d. 
net.  (Post  free,  13s.  home  ; 13s.  6d.  abroad.) 

(Soap  Manufacture.) 

SOAPS.  A Practical  Manual  of  the  Manufacture  of 
Domestic,  Toilet  and  other  Soaps.  By  George  H.  Hurst,  F.C.S. 
2nd  edition.  390  pp.  fc6  Illustrations.  Demy  8vo.  Price  12s.  6d. 
net.  (Post  free,  i3s.  home;  13s.  6d.  abroad.) 

TEXTILE  SOAPS  AND  OILS.  Handbook  on  the 

Preparation,  Properties  and  Analysis  of  the  Soaps  and  Oils  used 
in  Textile  Manufacturing,  Dyeing  and  Printing.  By  George 
H.  Hurst,  F.C.S.  Crown  8vo.  195  pp.  Price  5s.  net.  (Post 
free,  5s.  4d.  home ; 5s.  6d.  abroad.) 

THE  HANDBOOK  OF  SOAP  MANUFACTURE 

By  VV.M.  H.  SiMMONS,  B.Sc.  (Lond.),  F.C.S.  and  H.  A.  Appleton. 
Demy  8vo.  160  pp.  27  Illustrations.  Price  8s.  6d.  net.  (Post 
free,  8s.  lOd.  home  ; 9s.  abroad.) 

MANUAL  OF  TOILET  SOAPMAKING,  including 

Medicated  Soaps  Stain-removing  Soaps,  Metal  Polishing  Soaps, 
Soap  Powders  and  Detergents.  Translated  from  the  German 
of  Dr.  C.  Deite.  Demy  quarto.  IfO  pages.  79  Illustrations. 
Price  12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6.1.  abroad  ) 

(Cosmetical  Preparations.) 

COSMETICS:  MANUFACTURE,  EMPLOYMENT 
AND  TESTING  OF  ALL  COSMETIC 
MATERIALS  AND  COSMETIC  SPECIALITIES. 

Translated  from  the  German  of  Dr.  Theodor  Koller.  Crown 
8vo.  2r2  pp.  Price  5s.  net.  (Post  free,  5s.  4d.  hoir.c  ; 5s.  6d. 
abroad.) 
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(Glue,  Bone  Products  and  Manures.; 

GLUE  AND  GLUE  TESTING.  By  Samuel  Ridhai,, 

D.Sc.  (Lond.),  F.I.C.  Fourtccn  Kngravings.  144  pp.  Oemy 
8vo.  Pricc  10s.  6d.  net.  (Post  free,  lOs.  lOd.  home  ; I Is.  abroad  j 

BONE  PRODUCTS  AND  MANURES  : An  Account 

of  the  most  recent  improvements  in  the  .Manulacture  of  Fat, 
Glue,  Animal  Charcoal,  Size,  Gelatine  and  Manurcs.  By  Thomas 
La.mbert,  Technical  and  Consulting  Chemist.  Second  Revised 
Edition.  Demy  8vo.  172  pages.  17  Illustrations.  Pricc  7s.  6d. 
net.  (Post  free,  7s.  lOd.  home  ; 8s.  abroad.) 

(SiC  also  Chemical  Manurcs,  p.  9.) 

(Chemicals,  Waste  Products,  etc.) 

REISSUE  OF  CHEMICAL  ESSAYS  OF  C.  W. 
SCHEELE.  First  Published  in  English  in  1786. 

Translated  from  the  Academy  of  Sciences  at  Stockholm,  with 
Additions.  300  pp.  Demy  8vo.  Price  5s.  net.  (Post  free,  5s.  6d. 
home  ; 5s.  9d.  abroad.) 

THE  MANUFACTURE  OF  ALUM  AND  THE  SUL- 
PHATES  AND  OTHER  SALTS  OF  ALUMINA 
AND  IRON.  Their  Uses  and  Applications  as  Mordants 

in  Dyeing  and  Calico  Printing.  and  their  other  Applications  in 
the  Arts  Manufactures,  Sanitary  Engineering,  Agriculture  and 
Horticulture.  Translated  from  the  French  of  Lucien  Gesch- 
wind. 195  Illustrations.  400  pp.  Royal  8vo.  Price  12s.  6d. 
net.  (Post  free,  13s.  home;  13s.  Od.  abroad.) 

AMMONIA  AND  ITS  COMPOUNDS:  Their  Manu- 

facture  and  Uses.  By  Ca.mille  Vincent,  Professor  at  the 
Central  School  of  Arts  and  Manufactures,  Paris.  Translated 
from  the  Frcnch  by  M.  J.  Salter.  Royal  8vo.  114  pp.  Thirty- 
two  Illustrations.  Price  5s.  net.  (Post  free,  5s.  4d.  home; 
5s.  6d.  abroad.) 

CHEMICAL  WORKS : Their  Design,  Erection,  and 
Equipment.  By  S.  S.  Dyson  and  S.  S.  Clarkson.  Royal  Svo. 
220  pp.  With  9 Folding  Plates  and  ; 0 Illustrations.  Price  21s. 
net.  (Post  free,  21s.  6d.  home;  22s.  abroad.) 

MANUAL  OF  CHEMICAL  ANALYSIS,  as  applied  to 

the  Assay  of  Fuels,  Ores,  Metals,  Alloys,  Salts  and  other  .Mineral 
Products.  By  E.  Prost,  D.Sc.  Translated  by  J.  Cruickshank 
Smith,  B.Sc.  Royal  8vo.  300  pages.  44  Illustrations.  Price 
12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6d.  abroad.) 

TESTING  OF  CHEMICAL  REAGENTS  FOR 
PURITY.  Translated  from  the  German  of  Dr.  C 
Krauch.  Royal  8vo.  350  pages.  Price  12s.  6d.  net.  (Post  free 
13s.  home  ; 13s.  6d.  abroad.) 


For  contents  of  these  boaks,  sec  List  I. 
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SHALE  OILS  AND  TARS  and  their  Products.  By 

Dr.  W.  Scheithauer.  Translated  from  the  German.  Demy  8vo. 
190  pages.  70  lllustratiüns  and  4 Diagrams.  Price  8s.  6d.  net. 
(Post  free,  8s.  lOd.  home  ; 9s.  abroad).  piiblishcd. 

INDUSTRIAL  ALCOHOL.  A Practical  Manual  on  the 

Production  and  Use  of  Alcohol  for  Industrial  Purposes  and  for 
Use  as  a Heating  Agent,  as  an  Illuminant  and  as  a Source  of 
Motive  Power.  By  J.  G.  McIntosh,  Lecturer  on  Manufacture 
and  .Applications  of  Industrial  Alcohol  at  The  Polytechnic, 
Regent  Street,  London.  Demy  8vo.  1907.  250  pp.  With  75 
Illustrations  and  25  Tables.  Price  7s.  6d.  net.  (Post  free,  7s.  9d. 
home ; 8s.  abroad.) 

THE  UTILISATION  OF  WASTE  PRODUCTS.  A 

Treatise  on  the  Rational  Utilisation,  Recovery  and  Treatment  of 
Waste  Products  of  all  kinds.  By  Dr.  Theodor  Koller.  Trans- 
lated from  the  Second  Revised  German  Edition.  Twenty-two 
Illustrations.  Demy  8vo.  280  pp.  Price  7s  6d.net.  (Post  free, 
7s.  lOd.  home;  8s.  3d.  abroad.) 

ANALYSIS  OF  RESINS  AND  BALSAMS.  Trans- 
lated from  the  German  of  Dr.  Karl  Dieterich.  Demy  Svo. 
340  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home;  8s.  3d. 
abroad.) 

DISTILLATION  OF  RESINS,  RESINATE  LAKES 
AND  PIGMENTS,  CARBON  PIGMENTS  AND 
PIGMENTS  FOR  TYPEWRITING  MACHINES, 
MANIFOLDERS,  ETC.  By  Victor  Schweizer. 

Demy8vo.  185  pages.  68  Illustrations.  Price7s.6d.net.  (Post 
free,  8s.  home  ; 8s.  3d.  abroad.) 

DISINFECTION  AND  DISINFECTANTS.  By  Dr. 

-M.  Christian.  Crown  8vo.  [In  the  press. 

(^Agricultural  Chemistry  and  Manures.) 

MANUAL  OF  AGRICULTURAL  CHEMISTRY.  By 

Herbert  Ingle.  F.I.C.,  Late  Lecturer  on  Agricultural  Chemistry, 
the  Leeds  University ; Lecturer  in  the  Victoria  University. 
Third  and  Revised  Edition.  400  pp.  16  Illustrations.  Demy 
8vo.  Price  7s.  6d.  net.  (Post  free,  8s.  home ; 8s.  6d.  abroad.) 

[yi/s/  published. 

CHEMICAL  MANURES.  Translated  from  the  French 

ofj.  Fritsch.  Demy  Svo.  Illustrated.  340  pp.  Price  lüs.  6d. 
net.  (Post  free,  11s.  home;  Ils.  6d.  abroad.) 

(See  also  Hone  Products  and  Manures,  p.  8.) 

(Writing  Inks  and  Scaling  Waxes.) 

INK  MANUFACTURE  : Includinj»  Writing,  Copying, 

Lithographie,  Marking,  Stamping,  and  Laundry  Inks.  By 
SiG.MUND  Lehner.  Three  Illustrations.  Crown  8vo.  162  pp. 
Translated  from  the  German  of  the  Fifth  lidition.  Price  5s.  net. 
(Post  free,  5s.  3d.  home  ; 5s.  6d.  abroad.) 


10 


3EALING  - WAXES,  WAFERS  AND  OTHER 
ADHESIVES  FOR  THE  HOUSEHOLD,  OFFICE 
WORKSHOP  AND  FACTORY.  By  H.C.  Standage. 

Crown  8vo.  96  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ; 
5s.  4d.  abroad.) 

(Lead  Ores  and  Lead  Compounds.) 

LEAD  AND  ITS  COMPOUNDS.  By  Thos.  LAMrjEKT, 

Technical  and  Consulting  Chemist.  Demy  8vo.  226  pp.  Forty 
Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home ; 
8s.  3d.  abroad.) 

NOTES  ON  LEAD  ORES:  Their  Distribution  and  Pro- 
perties. By  Jas.  Fairie,  F.G.S.  Crown  8vo.  64  pages.  Price 
Is.  net.  (Post  free,  Is.  3d.  home  ; Is.  4d.  abroad.) 

(White  Lead  and  Zinc  White  Paints,  see  p.  5.) 

(Industrial  Hygiene.) 

THE  RISKS  AND  DANGERS  TO  HEALTH  OF 
VARIOUS  OCCUPATIONS  AND  THEIR  PRE- 
VENTION. By  Leonard  A.  Parry,  M.D.,  B.Sc. 
(Lond.).  196  pp.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home  ; 8s.  abroad.) 

(Industrial  Uses  of  Air,  Steam  and 
Water.) 

DRYING  BY  MEANS  OF  AIR  AND  STEAM.  Ex- 

planations,  Formulae,  and  Tables  for  Use  in  Practice.  Trans- 
iated  from  the  German  of  E.  Hausbrand.  Two  folding  Diagrams 
and  Thirteen  Tables.  Crown  8vo.  72  pp.  Price  5s.  net.  (Post 
free,  5s.  3d.  home ; 5s.  6d.  abroad.) 

{See  also  “ Evaporating,  Condensing  and  Cooling  Apparatus,"  p.  19.) 

PURE  AIR,  OZONE  AND  WATER.  A Practical 

Treatiseof  their  Utllisation  and  Value  in  Oil,  Grease,  Soap,  Paint, 
Glue  and  other  Industries.  By  W.  B.  Cowell.  Twelve  Illus- 
trations. Crown  8vo.  85  pp.  Price  5s.  net.  (Post  free,  5s.  3d. 
home;  5s.  6d.  abroad.) 

THE  INDUSTRIAL  USES  OF  WATER.  COMPOSI- 
TION-EFFECTS--TROUBLES  — REMEDIES  — 
RESIDUARY  WATERS  — PURIFICATION— AN- 
ALYSIS. By  H.  DE  LA  Coux.  Royal  8vo.  Trans- 
lated  from  the  French  and  Revised  bj’  Arthur  Morris.  364  pp. 
135  Illustrations.  Price  lös.  6d.  net.  (Post  free,  l;s.  home; 
11s.  6d.  abroad.) 

{See  Books  on  Smoke  Prevenlion,  Engineering  and  Mclallurgy,  p.  19,  r/r.) 


For  Contents  of  these  bpoks,  see  List  UL 
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(X  Rays.) 

PRACTICAL  X RAY  WORK.  By  Frank  T.  Addyman, 

B.Sc.  (Lond.),  F.I.C.,  Member  of  the  Roentgen  Society  of  London  ; 
Radiographer  to  St.  George’s  Hospital ; Demonstrator  of  Physics 
and  Chemistry,  and  Teacher  of  Radiography  in  St.  George’s 
Hospital  Medical  School.  Demy  8vo.  Twelve  Plates  from 
Photographs  of  X Ray  Work.  Filty-two  Illustrations.  200  pp. 
Price  10s.  6d.  net.  (Post  free,  10s.  lOd.  home ; 11s.  3d.  abroad.) 

(lndia=Rubber  and  Gutta  Percha.) 

INDIA-RUBBER  AND  GUTTA  PERCHA.  Second 

English  Edition,  Revised  and  Enlarged.  Based  on  the  French 
Work  of  T.  Seeligmann,  G.  La.my  Torrilhon  and  H.  Falconnet 
by  John  Geddes  McIntosh.  Royal  8vo.  100  Illustrations.  400 
pages.  Price  12s.  6d.  net.  (Post  free,  13s.  home;  13s.  6d. 
abroad.) 

(Leather  Trades.) 

THE  LEATHER  WORKER’S  MANUAL.  Being  a 

Compendium  of  Practical  Recipes  and  Working  Formulae  for 
Curriers,  Bootmakers,  Leather  Dressers,  Blacking  Manufac- 
turers,  Saddlers,  Fancy  Leather  Workers.  By  H.  C.  Standage. 
Demy  8vo.  165  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home; 
8s.  abroad.) 

(S«  also  Manufacture  of  Shoe  Polishes,  Leather  Dressings,  etc.,  p.  6.) 

(Pottery,  Bricks,  Tiles,  Qlass,  etc.) 

MODERN  BRICKMAKING.  By  Alfred  B.  Searle, 
Royal  8vo.  440  pages.  260  Illustrations.  Price  12s.  6d.  net. 
(Post  free,  13s.  home;  13s.  6d.  abroad.) 

THE  MANUAL  OF  PRACTICAL  POTTING.  Com- 

piled  by  Experts,  and  Edited  by  Chas.  F.  Binns.  Third  Edition, 
Revised  and  Enlarged.  200  pp.  Demy  8vo.  Price  17s.  6d.  net. 
(Post  free,  17s.  lOd.  home;  18s.  3d.  abroad.) 

POTTERY  DECORATING,  A Description  of  all  the  Pro- 
cesses  for  Decorating  Pottery  and  Porcelain.  By  R.  Hainbach. 
Translated  from  the  German.  Crown  8vo.  250  pp.  Twenty- 
two  Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 
8s.  abroad.) 

A TREATISE  ON  CERAMIC  INDUSTRIES.  A 

Complete  Manual  for  Pottery,  Tilc,  and  Brick  Manufacturers.  By 
E.milb  Bourry.  A Revised  Translation  from  the  French,  with 
some  Critical  Notes  by  Alfred  B.  Searle.  Demy  8vo.  308 
Illustrations.  460  pp.  Price  12s.  6d.  net.  (Post  free,  13s.  home; 
13s.  6d.  abroad.) 
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ARCHITECTURAL  POTTERY,  Bricks,  Tiles,  Pipes, 

Enamellcd  Terra-cottas,  Ordinary  and  Incrustcd  Quarries,  Stone- 
ware  Mosaics,  Falcnces  and  Architcctural  Stoneware.  My  Leon 
LEpfivRE.  Translated  from  thc  Frcnch  by  K.  H.  Biru,  M.A., 
and  W.  Moore  Binns.  With  Five  Plates.  950  lllustrations  in 
the  Text,  and  ntimerous  estimates.  500  pp.  Royal  8vo.  F’rice 
15s.  net.  (Post  free,  15s.  6d.  home;  Itts.  6d.  abroad.) 

CERAMIC  TECHNOLOGY ; Being  some  Aspects  of 

Technical  Science  a.s  Applied  to  Pottery  Manufacture.  Edited 
bj’  Charles  F.  Binns.  100  pp.  Demy  8vo.  Price  12s.  6d.  net. 
(Post  free,  12s.  lOd.  home  ; 13s.  abroad.) 

THE  ART  OF  RIVETING  GLASS,  CHINA  AND 
EARTHENWARE.  By  J.  Howorth.  Second 

Edition.  Paper  Cover.  Pricels.net.  (By  post,  home  or  abroad, 
Is.  Id.) 

NOTES  ON  POTTERY  CLAYS.  The  Distribution, 

Properties,  Uses  and  Analyses  of  Ball  Clays,  China  Clays  and 
China  Stone.  By  Jas.  Fairie,  F.G.S.  132  pp.  Crown  8vo. 
Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home  ; 3s.  lOd.  abroad.) 

HOW  TO  ANALYSE  CLAY.  ByH.  M.Ashby.  Demy 

8vo.  72  Pages.  20  lllustrations.  Price  3s.  6d.  net.  (Post  free, 
3s.  9d.  home ; 3s.  lOd.  abroad.) 

A B-eissue  of 

THE  HISTORY  OF  THE  STAFFORDSHIRE  POT- 
TERIES;  AND  THE  RISE  AND  PROGRESS 
OF  THE  MANUFACTURE  OF  POTTERY  AND 
PORCELAIN.  With  References  to  Genuine  Specimens, 
and  Notices  of  Eminent  Potters.  By  Si.meon  Shaw.  (Originally 
published  in  1829.)  265  pp.  Demy  8vo.  Price  5s.  net.  (Post 
free,  5s.  4d.  home ; 5s.  9d.  abroad.) 

A Reissue  of 

THE  CHEMISTRY  OF  THE  SEVERAL  NATURAL 
AND  ARTIFICIAL  HETEROGENEOUS  COM- 
POUNDS USED  IN  MANUFACTURING  POR- 
CELAIN, GLASS  AND  POTTERY.  By  Si.meon 
Shaw.  (Originally  published  in  1837.)  750  pp.  Royal  8vo. 

Price  10s.  net.  (Post  free,  10s.  6d.  home;  12s.  abroad.) 

BRITISH  POTTERY  MARKS.  By  G.  Woolliscroft 

Rhead.  Demy  8vo.  310  pp.  With  over  Twelvc-hundrcd  lllus- 
trations of  Marks.  Price  7s.  6d.  net.  (Post  free,  8s.  home ; 
8s.  3d.  abroad.) 

For  Contents  of  these  books,  see  List  III. 
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(Qlassvvare,  Qlass  Staining  and  Painting.) 

RECIFES  FOR  FLINT  GLASS  MAKING.  By  a 

British  dass  Master  and  Mixer.  Sixty  Recipes.  Being  Leaves 
from  the  Mixing  Book  of  several  experts  in  the  Flint  dass  Trade, 
containing  up-to-date  recipes  and  valuable  information  as  to 
Crystal,  Demi-crystal  and  Coloured  dass  in  its  many  varieties. 
It  contains  the  recipes  for  cheap  metal  suited  to  pressing,  blow- 
ing,  etc.,  as  well  as  the  most  costly  crystal  and  ruby.  Second 
Edition.  Crown  8vo.  Pnce  10s.  6d.  net.  (Post  free,  10s.  9d. 
home  ; 10s.  lOd.  abroad.) 

A TREATISE  ON  THE  ART  OF  GLASS  PAINT- 
ING.  Prefaced  with  a Review  of  Ancient  Glass.  By 
Ernest  R.  Süffling.  With  One  Coloured  Plate  and  Thirty- 
seven  Illustrations.  Demy  8vo.  140  pp.  Price  7s.  6d.  net. 
(Post  free,  7s.  lOd.  home;  8s.  abroad.) 

(Paper  Making,  Paper  Dyeing,  and 
Testing.) 

THE  DYEING  OF  PAPER  PULP.  A Practical 

Treatise  for  the  use  of  Papermakers,  Paperstainers,  Students 
and  others.  By  Julius  Erfurt,  Manager  of  a Paper  Mill. 
Translated  into  English  and  Edited  with  Additions  by  Julius 
Hüb.ner,  F.C.S.,  Lecturer  on  Papermaking  at  the  Manchester 
•Municipal  Technical  School.  With  illustrations  and  157  patterns 
of  paper  dyed  in  the  pulp.  Royal  8vo,  180  pp.  Price  15s.  nei. 
(Post  free,  15s.  6d.  home;  16s.  6d.  abroad). 

THE  PAPER  MILL  CHEMIST.  By  Henry  P.  Stevens, 
.VI. A.,  Ph.D.,  F.l.C.  Royal  12mo.  60  illustrations.  300  pp. 

Price  7s.  6d.  net.  (Post  free,  7s.  9d.  home  ; 7s.  lOd.  abroad.) 

THE  TREATMENT  OF  PAPER  FOR  SPECIAL 
PURPOSES.  By  L.  E.  Andes.  Translated  from  the 
German.  Crown  8vo.  48  Illustrations.  250  pp.  Price  6s.  net. 
(Post  free,  6s.  4d.  home  ; 6s.  6d.  abroad.) 

(Enamelling  on  Metal.) 

ENAMELS  AND  ENAMELLING.  For  Enamel 

.Vlakers,  VV'orkers  in  Gold  and  Silver,  and  Manufacturers  of 
Objects  of  Art.  By  Paul  Randau.  Sccond  and  Revised 
Edition.  Translated  from  the  German.  With  16  Illustrations. 
Demy  8vo.  200  pp.  Price  lOs.  6d.  net.  (Post  free,  lOs.  lOd. 
home;  11s.  abroad.)  [yust  published. 

THE  ART  OF  ENAMELLING  ON  METAL.  By 

W.  Nor.man  Brown.  Twenty-eight  Illustrations.  Crown  8vo. 
60  pp.  Price  2s.  6d.  net.  (Post  free,  2s.  9d.  home  and  abroad.) 
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(Textile  and  Dyein^  Subjects.) 

THE  FINISHING  OF  TEXTILE  FABRICS  rWofjllen, 
Worsted,  Union  and  other  Cloths).  By  Roberts  Heauwost, 
M. Sc. , M.I.Mech.E.,  Professor  of  Textile  Industries,  the  Univer- 
sity  of  Leeds ; Author  of  “ Colour  in  Woven  Design  ” ; “ Woollen 
and  Worsted  Cloth  Manufacture  ” ; “Woven  Fabrics  at  the 
World’s  Fair”  ; Vice-President  of  the  Jury  of  Award  at  the  Paris 
Exhibition,  1900;  Inspector  of  Textile  Institutes;  Society  of 
Arts  Silver  Medallist ; Honorary  Medallist  of  the  City  and  Guilds 
of  London  Institute.  With  150  Illustrations  of  Fibres.  Yarns 
and  Fabrics,  also  Sectional  and  other  Drawings  of  Finishing 
Machinery  Demy  8vo.  260  pp.  Pricel0s.6d.net.  (Post  free, 
10s.  lOd.  home ; 11s.  3d.  abroad.) 

FIBRES  USED  IN  TEXTILE  AND  ALLIED  IN- 
DUSTRIES. By  C.  Ainsworth  Mitchell,  B.A. 
(Oxon.),  F.I.C.,  and  R.  M.  Prideaux,  F I.C.  With  66  Illustra- 
tions specially  drawn  direct  from  the  Fibres.  Demy  8vo. 
200  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 8s.  abroad.) 

DRESSINGS  AND  FINISHINGS  FOR  TEXTILE 
FABRICS  AND  THEIR  APPLICATION.  De- 

scription  of  all  the  Materials  used  in  Dressing  Textiles  : Their 
Special  Properties,  the  preparation  of  Dressings  and  their  em- 
ployment  in  Finishing  Linen,  Cotton,  Woollen  and  Silk  Fabrics. 
Fireproof  and  Waterproof  Dressings,  together  with  the  principal 
machinery  emploj'ed.  Translated  from  the  Third  German 
Edition  of  Friedrich  Polleyn.  Demy  8vo.  280  pp.  Sixty 
Illustrations.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home ; 
8s.  abroad.) 

THE  CHEMICAL  TECHNOLOGY  OF  TEXTILE 
FIBRES  ; Their  Origin,  Structure,  Preparation,  Wash- 
ing,  Bleaching,  Dyeing,  Printing  and  Dressing.  By  Dr.  Georg 
VON  Georgievics.  Translated  from  the  German  by  Charles 
Salter.  320  pp.  Forty-seven  Illustrations.  Royal  8vo.  Price 
10s.  6d.  net.  (Post  free,  11s.  home  ; 11s.  3d.  abroad.) 

POWER-LOOM  WEAVING  AND  YARN  NUMBER- 
ING,  According  to  Various  Systems,  with  Conversion 
Tables.  Translated  from  the  German  of  Anthon  Grüner.  With 
Twenty-Six  Diagrrams  In  Colours.  150  pp.  Crown  8vo.  Price 
7s.  6d.  net.  (Post  free,  7s.  9d.  home;  8s.  abroad.) 

TEXTILE  RAW  MATERIALS  AND  THEIR  CON- 
VERSION INTO  YARNS.  (The  Study  of  the  Raw 

Materials  and  the  Technology  of  the  Spinning  Proccss.)  By 
Julius  Zipser.  Translated  from  German  by  Charles  Salter. 
302  Illustration?.  500  pp.  Demy  8vo.  Price  10s.  6d  net. 
(Post  free,  11s.  home  ; 11s.  6d.  abroad.) 

For  Contents  of  these  books,  see  List  II. 
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GRAMMAR  OF  TEXTILE  DESIGN.  By  H.  Nisbet, 

VVeavinj;  and  Designing  Master,  Bolton  Municipal  Technical 
School.  Demy  8vo.  280  pp.  490  Illustrations  and  Diagrams. 
Price  6s.  net.  (Post  free,  6s.  4d.  home;  6s.  6d.  abroad.) 

ART  NEEDLEWORK  AND  DESIGN.  POINT 
LAGE.  A Manual  of  Applied  Art  for  Secondary  Schools 
and  Continuation  Classes.  By  M.  E.  Wilkinson.  Oblong 
quarto.  With  22  Plates.  Bound  in  Art  Linen.  Price  3s.  6d. 
net.  (Post  free,  3s.  lOd.  home ; 4s.  abroad.) 

HOME  LACE-MAKING.  A Handbook  forTeachers  and 
Pupils.  By  M.  E.  W.  xVIilroy.  Crown  8vo.  64  pp.  With  3 
Plates  and  9 Diagrams.  Price  Is.  net.  (Post  free,  Is.  3d.  home  ; 
Is.  4d.  abroad.) 

THE  CHEMISTRY  OP  HAT  MANUFACTURING. 

Lectures  delivered  before  the  Hat  Manufacturers’  Association. 
By  Watson  S.mith,  F.C.S.,  F.I.C.  Revised  and  Edited  by 
Albert  Shonk.  Crown  8vo.  132  pp.  16  Illustrations.  Price 
7s.  6d.  net.  (Post  free,  7s.  9d.  home  ; 7s.  lOd.  abroad.) 

THE  TECHNICAL  TESTING  OP  YARNS  AND 
TEXTILE  FABRICS.  With  Reference  to  Offlcial 
Specifications  Translated  from  the  German  of  Dr.  J.  Herzfeld. 
Second  Edition.  Sixty-nine  Illustrations.  200  pp.  Demy  8vo. 
Price  10s.  6d  net.  (Post  free,  10s.  lOd.  home;  11s.  abroad.) 

DECORATIVE  AND  FANCY  TEXTILE  FABRICS. 

By  R.  T.  Lord.  For  Manufacturers  and  Designers  of  Carpets, 
Damask,  Dress  and  all  Textile  Fabrics.  200  pp.  Demy  8vo. 
132  Designs  and  Illustrations.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  home;  8s.  abroad  ) 

THEORY  AND  PRACTICE  OF  DAMASK  WEAV- 
ING.  By  H.  Kinzer  and  K.  Walter.  Royal  8vo. 
Eighteen  Folding  Plates.  Six  Illustrations.  Translated  from 
the  German.  110  pp.  Prlce8s.6d.net.  (Post  free,  9s.  home; 
9s.  6d.  abroad.) 

FAULTS  IN  THE  MANUPACTURE  OF  WOOLLEN 
GOODS  AND  THEIR  PREVENTION.  By 

Nicolas  Reiser.  Translated  from  the  Second  German  Edition. 
Crown  8vo.  Sixty-three  Illustrations.  170  pp.  Price  5s.  net. 
(Post  free,  5s.  4d.  home  ; 5s.  6d.  abroad.) 

SPINNING  AND  WEAVING  CALCULATIONS, 

especially  relating  to  Woollens.  From  the  German  of  N. 
Reiser.  Thirty-four  Illustrations.  Tables.  160  pp.  Dem. 
8vo.  1904.  Price  lOs.  6d.  net.  (Post  free,  lOs.  lOd.  home;  11s. 
abroad.) 
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ANALYSIS  OF  WOVEN  FABRICS.  By  A.  FUrkkr 

and  E.  Midgley.  Demy  8vo.  Alwut  2r0  pages  [In  Ihe  prest. 

WATERPROOFING  OF  FABRICS.  By  Dr.  S.  Mier- 

ziNSKi.  Crown  8vo.  104  pp.  29  Illus.  Price  5s.  net.  (Post 
free,  5s.  3d.  home ; 5s.  4d.  abroad.) 

HOW  TO  MAKE  A WOOLLEN  MILL  PAY.  By 

John  Mackie.  Crown  8vo.  76  pp.  Price  3s.  6d.  net.  (Post 
free,  3s.  9d.  home;  3s.  lOd.  abroad.) 

YARN  AND  W.ARP  SIZING  IN  ALL  ITS 
BRANCHES.  Translated  from  the  German  of  Carl 
Kretschmar.  Royal  8vo.  123  Illustrations.  150  pp.  Price 
10s.  6d.  net.  (Post  free,  10s.  lOd.  home;  11s.  abroad.) 

{For  "Textile  Soaps  and  Oils"  see  p.  7.) 

(Dyeing,  Colour  Printing,  Matching 
and  Dye=stuffs.) 

THE  COLOUR  PRINTING  OF  CARPET  YARNS. 

Manual  for  Colour  Chemists  and  Textile  Printers.  By  David 
Paterson,  F.C.S.  Seventeen  Illustrations.  136  pp.  Demy 
8vo.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home  ; 8s.  abroad.) 

THE  SCIENCE  OF  COLOUR  MIXING.  A Manual 

intended  for  the  use  of  Dyers,  Calico  Printers  and  Colour 
Chemists.  By  David  Paterson,  F.C.S.  Fort3--one  Illustrations. 
Five  Coloured  Plates,  and  Four  Plates  showingr  Eleven  Dyed 
Specimens  of  Fabrics.  132  pp.  Demy  8vo.  Price  7s.  6d.  net. 
(Post  free,  7s.  lOd.  home  ; 8s.  abroad.) 

DYERS’  MATERIALS  : An  Introduction  to  the  Examina- 

tion,  Evaluation  and  Application  of  the  most  important  Sub- 
stances  used  in  Dyeing,  Pi'inting,  Bleaching  and  Finishing.  Bj* 
Paul  Heerman,  Ph.D.  Translated  from  the  German  bj’  A.  C. 
Wright,  M.A.  (Oxon).,  B.Sc.  (Lond.).  Twentj^-four  Illustrations. 
Crown  8vo.  150  pp.  Price  5s.net.  (Post  free,  5s.  4d.  home; 
5s.  6d.  abroad.) 

COLOUR  MATCHING  ON  TEXTILES.  A .Manual 

intended  for  the  use  of  Students  of  Colour  Chemistrj',  Dj'eing  and 
Textile  Printing.  By  David  Paterson,  F.C.S.  Coloured  Frontis- 
piece.  Twentj'-nine  Illustrations  and  Fourteen  Specimens  of 
Dyed  Fabrics.  Demy  8vo.  132  pp.  Price  7s.  6d.  net.  (Post 
free,  7s.  lOd  home;  8s.  abroad.) 

COLOUR  : A HANDBOOK  OF  THE  THEORY  OF 
COLOUR.  By  George  H.  Hurst,  F.C.S.  With  Ten 

Coloured  Plates  and  Seventy  two  Illustrations.  160  pp  Demj- 
8vo.  Price  7s.  t'd.  net.  (Post  free,  7s.  lOd.  home  ; 8s.  abroad.) 

For  Contents  of  thesc  books,  see  List  II. 
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Reissue  of 

THE  ART  OF  DYEING  WOOL,  SILK  AND 
COTTON.  Translated  from  the  French  of  M.  Hellot, 
M.  .Macquer  and  .M.  le  Pileur  D’Apligny.  First  Published  in 
English  in  1789.  Six  Plates.  Demy  8vo.  4-16  pp.  Price  5s.  net. 
(Post  free,  5s.  6d.  hörne;  6s.  abroad.) 

THE  CHEMISTRY  OF  DYE-STUFFS.  By  Dr.  Georg 
\’o.\  Georgievics.  Translated  from  the  Sccond  German  Edition. 
412  pp.  Demy  8vo.  Price  10s.  6d.  net.  (Post  free,  11s.  home ; 
11s  6d.  abroad.) 

THE  DYEING  OF  COTTON  FABRICS  : A Practical 

Handbook  for  the  D>-cr  and  Student.  By  Franklin  Beech, 
Practical  Colourist  and  Chemist.  272  pp.  Forty-four  lllus- 
trations  of  Bleaching  and  Dyeing  Machinery.  Demy  8vo.  Price 
7s.  6d.  net.  (Post  free,  7s.  ICd.  home;  Ss.  abroad.) 

THE  DYEING  OF  WOOLLEN  FABRICS.  By 

Franklin  Beech,  Practical  Colourist  and  Chemist.  Thirty- 
three  Illustrations  Demy  8vo.  228  pp.  Price  7s.  6d.  net. 
(Post  free,  7s.  lOd.  home;  8s.  abroad.) 

(Silk  Manufacture.) 

SILK  THROWING  AND  WASTE  SILK  SPIN- 
NING.  By  Hollln'S  R.ayner.  Demy  8vo.  170  pp. 
117  Illus.  Price5s.net.  (Post  free,  5s.  4d.  home ; 5s.  6d.  abroad.) 

(Bleaching  and  Bleaching  Agents.) 

A PRACTICAL  TREATISE  ON  THE  BLEACHING 
OF  LINEN  AND  COTTON  YARN  AND  FABRICS. 

By  L.  Tailfer,  Chemical  and  Mechanical  Engineer.  Trans- 
lated from  the  French  by  John  Geddes  McIntosh.  Demy  8vo. 
803  pp.  Twenty  Illus.  Price  12s.  6d.  net.  (Post  free,  13s. 
home;  I3s.  6d.  abroad.) 

MODERN  BLEACHING  AGENTS  AND  DETER- 
GENTS.  By  Professor  Max  Bottler.  Translated 

from  the  German.  Crown  8vo.  16  Illustrations.  160  pages. 
Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  6d.  abroad.) 

(Cotton  Spinning,  Cotton  Waste  and 
Cotton  Combing.) 

COTTON  SPINNING  (First  Year).  By  Thomas 
Thornley,  Spinning  Master,  Bolton  Technical  School.  160  pp. 
Eighty-four  Illustrations.  Crown  8vo.  Sccond  Impression. 
Price  3s.  net.  (Post  free,  3s.  4d.  home;  3s.  6d.  abroad.) 

COTTON  SPINNING  (Intermediate,  or  Second  Year). 
By  Tho.mas  Thornley.  Second  Impression.  180  pp.  Seventy 
Illustrations.  Crown  8vo.  Price  5s.  net.  (Post  free,  5s.  4d. 
home;  5s.  6d.  abroad.) 
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COTTON  SPINNING  (Honours,  or  Third  Yearj.  By 
Thomas  Thornley.  216  pp  Seventy-four  IlluBtrationc. 
Crown  8vo.  Second  Edition.  Price  5s.  net.  (Post  free,  5s.  4d. 
home  ; 5s.  6d.  abroad.) 

COTTON  COMBING  MACHINES.  By  Thos.  Thor.v- 

LEY,  Spinning  Master,  Technical  School,  Bolton.  Demy  8vo. 
117  Illustrations.  300  pp.  Price  7s.  6d.  net.  (Post  free,  »8, 
home  ; 8s.  6d.  abroad.) 

COTTON  WASTE  : Its  Production,  Characteristics 

Regulation,  Opening,  Carding,  Spinning  and  Weaving,  By  Thomas 
Thorn'ley.  Demy  8vo.  286  pages.  60  Illustrations.  Price  7s  6d. 
net.  (Post  free,  7s.  lOd.  home  ; 8s.  abroad.)  [Just  puhlished. 

THE  RING  SPINNING  FRAME  : GUIDE  FOR 
OVERLOOKERS  AND  STUDENTS.  By  X.  Booth. 

Crown  8vo.  76  pages.  Price  3s.  net.  (Post  free,  3s.  3d.  home; 
3s.  6d.  abroad.) 

(Flax,  Hemp  and  Jute  Spinning.) 

MODERN  FLAX,  HEMP  AND  JUTE  SPINNING 
AND  TWISTING.  A Practical  Handbook  for  the  use 

of  Flax,  Hemp  and  Jute  Spinners,  Thread,  Twine  and  Rope 
.Makers.  By  Herbert  R.  Carter,  Mill  Manager,  Textile  Expert 
and  Engineer,  Examiner  in  Flax  Spinning  to  the  City  and  Guilds 
of  London  Institute.  Demy  8vo.  1907.  With  92  Illustrations. 
200  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  9d.  home ; Ss.  abroad.) 

(Collieries  and  Mines.) 

RECOVERY  WORK  AFTER  PIT  FIRES.  By  Robert 

La.mprecht,  Mining  Engineer  and  Manager.  Translated  from 
the  German,  lllustrated  by  Six  large  Plates,  containing  Seventy- 
six  Illustrations.  !>')  pp.  Demy  8vo.  Pricel0s.6d.net.  (Post 
free.  10s.  lOd.  home;  11s.  abroad.) 

VENTILATION  IN  MINES.  By  Robert  W.abner, 

Mining  Engineer.  Translated  from  the  German.  Royal  Svo. 
Thirty  Plates  and  Twenty-two  Illustrations.  240  pp.  Price 
10s.  6d.  net.  (Post  free,  11s.  ho.me  ; 11s.  3d.  abroad.) 

HAULAGE  AND  WINDING  APPLIANCES  USED 
IN  MINES.  By  Carl  Volk.  Translated  from  the 

German.  Royal  Svo.  With  Six  Plates  and  148  Illustrations. 
150  pp.  Price  8s.  6d.  net.  (Post  free,  9s.  home;  9s.  3d.  abroad.) 

THE  ELECTRICAL  EQUIPMENT  OF  COLLIERIES. 

By  W.  Galloway  Duncan,  Electrical  and  .Mechanical  Engineer, 
.Member  of  the  Institution  of  Mining  Engineers,  Head  of  the 
Government  School  of  Engineering.  Dacca,  India;  and  David 
Pen  man,  Certificated  Colliery  Manager.  Lccturcr  in  .Mining  to 
Fife  County  Committee.  Demy  Svo.  310  pp.  155  Illustrations 
and  Diagrams.  Price  10s.  6d.  net.  (Post  free,  11s.  home:  11s.  3d. 
abroad.) 

For  Contents  of  thcsc  books,  sec  Lists  II  aiiä  III. 


(Dental  Metallurgy.) 

DENTAL  METALLURGY : MANUAL  FOR  STU- 
DENTS  AND  DENTISTS.  By  A.  B.  Griffiths, 

Ph.D.  Demy  8vo.  Thirty-six  Illustrations.  200  pp.  Price 
7s.  6d.  net.  (Post  free,  7s.  lOd.  homc ; 8s.  abroad  ) 

(Engineering,  Smoke  Prevention  and 
Metallurgy.) 

THE  PREVENTION  OF  SMOKE.  Combined  with 
the  Economical  Combustion  of  Fuel.  By  W.  C.  Popplewell, 
.M.Sc.,  A.M.  Inst.,  C.E.,  Consulting  Engineer.  Forty-six  Illus- 
trations. 190  pp.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free, 
7s.  lOd.  Home  ; 8s.  3d.  abroad.) 

GAS  AND  GOAL  DUST  FIRING.  A Critical  Review 

of  the  Various  Appliances  Patented  in  Germany  for  this  purpose 
since  1885.  By  Albert  PBtsch.  130  pp.  Demy  8vo.  Trans- 
lated  from  the  German.  With  103  Illustrations.  Price  5s.  net. 
(Post  free,  5s.  4d.  home ; 5s.  6d.  abroad.) 

THE  HARDENING  AND  TEMPERING  OF  STEEL 
IN  THEORY  AND  PRACTICE.  By  Fridolin 

Reiser.  Translated  from  the  German  of  the  Third  Edition. 
Crown  8vo.  120  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home; 
5s.  4d.  abroad.) 

SIDEROLOGY;  THE  SCIENCE  OF  IRON  (The 

Constitution  of  Iron  Alloys  and  Slags).  Translated  from 
German  of  Hanns  Freiherr  v.  Jüptner.  350  pp.  Demy  8vo. 
Eleven  Plates  and  Ten  Illustrations.  Price  10s.  6d.  net.  (Post 
free,  11s.  home;  11s.  6d.  abroad.) 

EVAPORATING,  CONDENSING  AND  COOLING 
APPARATUS.  Explanations,  Formulae  and  Tables 
for  Use  in  Practice.  By  E.  Hausbrand,  Engineer.  Translated 
by  A.  C.  Wright,  M.A.  (Oxon.),  B.Sc.,  (Lond.).  With  Twenty- 
one  Illustrations  and  Seventy-six  Tables.  400  pp  Demy  8vo. 
Price  10s.  6d.  net.  (Post  free,  11s.  home;  11s.  6d.  abroad.) 

(The  “Broadway”  Series  of  Engineering 
Handbooks.) 

One  Uniform  Size : Narrow  Crown  8vo.  (Pocket  Size.) 
VoLu.ME  I.— ELEMENTARY  PRINCIPLES  OF  RE- 
INFORCED CONCRETE  CONSTRUCTION.  By 

Ewart  S.  Andrews,  B.Sc.  Eng.  (Lond.).  200  pages.  With  57 
Illustrations.  Numcrous  Tables  and  Worked  Examplcs.  Price 
3s.  net.  (Post  free,  3s.  3d  home  ; 3s.  6d.  abroad.) 

Volume  II.— GAS  AND  OIL  ENGINES.  By  A. 

Kirschkb.  Translated  and  Revised  from  the  German,  and 
adapted  to  Engiish  practice.  160  pages.  55  Illustrations. 
Price  3s.  net.  (Post  free,  3s.  3d.  homc  ; 3s.  6d.  abroad.) 
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Volume  III.  — IRON  AND  STEEL  CONSTRUC- 
TIONAL  WORK.  By  K.  Schi.voler.  Translated 

and  Rcviscd  from  the  German,  and  adapted  to  English  practice. 
I40pages.  115  Illustrations.  Pricc  3s.  6d.  net.  (Post  Ire« 
3s.  9d.  home  ; 4s.  abroad.)  ’ 

Volume  IV. — TOOTHED  GEARING.  By  G.  T.  White, 

B.Sc.  (Lond.).  220  pages.  136  Illustrations.  Price  3s.  6d.  net. 
(Post  free,  3s.  9d.  home  ; 4s.  abroad.) 

Volume  V.— STEAM  TURBINES  ; Their  Theorj-  and 

Construction.  By  H.  Wilda.  Translated  and  Revised  from  the 
German,  and  adapted  to  English  practice.  200  pages.  104  Illus- 
trations. Price  3s.  6d.  net.  (Post  free,  3s.  9d.  home ; 4s.  abroad.  | 

[Just  published. 

VoLU.ME  VI.  — GRANES  AND  HOISTS.  By  H. 

WiLDA.  [In  the  press 

Volume  VII.  — FOUNDRY  MACHINERY.  By  E 

Treiber.  [/,j  the  press. 

Volume  VIII.— THE  CALCULUS  FOR  ENGINEERS, 
By  Ewart  S.  Andrews,  B.Sc.  Eng.  (Lond.),  and  H.  Bryon 
Heywood,  B.Sc.  (Lond.).  [/„  pnparaiion. 

Volume  IX.— ILLUMINATION  AND  LIGHTING. 

By  A.  Blök,  B.Sc.  [In  pnparation. 

Volume  X.  — MOTOR  CAR  MECHANISM.  By 

W.  E.  Dommett.  |/a  preparation. 

(Sanitary  Plumbing,  Electric  Wiring, 
Metal  Work,  etc.) 

EXTERNAL  PLUMBING  WORK.  A Treatise  on 

Lead  Work  for  Roofs.  By  John  W.  Hart,  R.P.C.  180  Illustra- 
tions. 272  pp.  Den.y  8iO.  Second  Edition  Revised.  Price 
7s.  6d.  net.  (Post  Iree.  7s.  lOd.  home;  8s.  abroad.) 

HINTS  TO  PLUMBERS  ON  JOINT  WIPING,  PIPE 
BENDING  AND  LEAD  BURNING.  Third  Edition, 

Revised  and  Corrected,  ByJoHN  W.  Hart,  R.P.C.  184  Illus- 
trations. 313  pp.  Demy  8vo.  Price  7s.  6d.  net.  (Post  free, 
8s.  home;  8s.  i-d.  abroad.) 

SANITARY  PLUMBING  AND  DRAINAGE.  By 

John  W.  Hart.  Demy  8vo.  With  208  Illustrations.  250  pp. 
19J4.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home;  8s.  abroad.) 

ELECTRIC  WIRING  AND  FITTING.  By  Sydney  F. 

Walker,  R.N.,  M.I.E.E.,  M.l.Min.E.,  A.M.Inst.C.E.,  etc.,  etc. 
Crown  8vo.  150  pp.  With  Illustrations  and  Tables.  Pricc  5s. 
net.  (Post  free,  5s.  3d.  home  ; 5s.  6d.  abroad.) 

THE  PRINCIPLES  AND  PRACTICE  OF  DIPPING, 
BURNISHING,  LACQUERING  AND  BRONZ- 
ING  BRASS  WARE.  By  W.  Norman  Brown.  48 
pp.  Crown  8vo.  Price  3s.  net.  (Post  free,  3s.  3d.  home  and 
abroad.) 


For  Contents  of  these  books,  sce  List  III. 
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THE  DEVELOPMENT  OF  THE  INCANDESCENT 
ELECTRIC  LAMP.  By  G.  B.asil  Barha.m,  A.M.I.E.E. 

Demy  Svo.  200  pages.  2 Plates  25  Illustrationsand  10  Tables. 
Price  5s.  net.  (Post  free,  5s.  4d.  home  ; 5s.  6d.  abroad.) 

fywf  published. 

WIKING  CALCULATIONS  FOR  ELECTRIC 
LIGHT  AND  POWER  INSTALLATIONS.  A 

Practical  Handbook  containing  Wiring  Tables,  Rules,  and 
Formute  for  the  Use  of  Architects,  Engineers,  .Mining  Engineers, 
and  Electricians,  Wiring  Contractors  and  Wiremen,  ctc.  By  G. 
W.  Lu.m.mis  Paterson.  Crown  Svo.  96  pages.  35  Tables. 
Price  5s.  net.  (Post  free,  5s.  3d.  home  ; 5s.  6d.  abroad.) 

[^Kst  pttblished. 

A HANDBOOK  ON  JAPANNING.  For  Ironware, 
Tinware,  and  Wood,  etc.  By  M'illiam  Nor.man  Brow'.v. 
Second  Edition.  70  pages.  13  Illustrations.  Crown  Svo.  Price 
3s.  6d.  net.  (Post  free,  3s.  9d.  home  • 4s.  abroad.) 

published. 

THE  PRINCIPLES  OF  HOT  WATER  SÜPPLY.  By 

John  W.  Hart,  R.P.C.  With  129  Illustrations.  177  pp.  Demy 
Svo.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd.  home;  Ss.  abroad.) 

(Brewing  and  Botanical.) 

HOPS  IN  THEIR  BOTANICAL,  AGRICULTURAL 
AND  TECHNICAL  ASPECT,  AND  AS  AN 
ARTICLE  OF  COMMERCE,  By  Emmanuel  Gross, 

Professor  at  the  Higher  Agricultural  College,  Tetschcn-Liebwerd. 
Translated  from  the  German.  Seventy-eii>ht  Illustrations.  340 
pp.  Demy  Svo.  Price  10s.  6d.  net.  (Post  free,  11s.  home; 
1 Is.  6d.  abroad.) 

INSECTICIDES,  FUNGICIDES  AND  WEED- 
KILLERS. By  E.  Bourcart,  D.Sc.  Translated  from 

the  French.  Revised  and  Adaptcd  to  British  Standards  and 
Practice.  Demy  Svo.  450  pages,  S3  Tables,  and  12  Illustrations. 
Price  12s.  6d.  net.  (Post  free,  13s.  home  ; 13s.  6d.  abroad.) 

{For  Agricultural  Chemistry,  sec  p.  g ) published. 

(Wood  Products,  Timber  and  Wood 
Waste.) 

WOOD  PRODUCTS  : DISTILLATES  AND  EX- 

TRACTS.  By  P.  Dumesny,  Chemical  Engineer, 

Expert  before  the  Lyons  Commercial  Tribunal,  Mcmber  of  the 
International  Assocration  of  Leather  Chemists;  and  J.  Noyer. 
Translated  from  the  French  hy  Donald  Grant.  Royal  Svo. 
320  pp.  103  Illustrations  and  Numerous  Tables.  Price  10s.  6d. 
net.  (Post  free,  11s.  home;  11s.  6d.  abroad) 

TIMBER  ; A Comprehensive  Study  of  Wood  in  all  its 
Aspects  (Commercial  and  Botanical),  showing  the  different 
Applications  and  L’scs  of  Timber  in  V'arious  Trades,  etc.  Trans- 
lated from  the  French  of  Paui.  Charpentier.  Royal  Svo  437 
pp.  178  Illustrations.  Price  12s.  6d.  net.  (Post  free,  13s. 
home;  14s.  abroad.) 
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THE  UTILISATION  OF  WOOD  WASTE.  Trans- 

latcd  from  the  German  of  Ernst  Hubbard.  Crown  8vo.  192 
pp.  Fifty  Illustrations.  PriceSs.net.  (Post  free,  5».  4d  home  ; 
5s.  6d.  abroad.) 

(Sr«  also  Utilisation  of  Waste  Products,  p.  9.) 

(Building  and  Architecture.) 

ORNAMENTAL  GEMENT  WORK.  By  Oliver 

Wheatley.  Demy  8vo.  83  Illustrations.  128  pp.  Price  Ss. 
net.  (Post  free,  5s.  4d.  home  ; 5s.  6d.  abroad.) 

THE  PREVENTION  OF  DAMPNESS  IN  BUILD- 
INGS; with  Remarks  on  the  Causes,  Nature  and 

Effects  of  Saline,  Efflorescences  and  Dry-rot,  for  Architects, 
Builders,  Overseers,  Plasterers,  Painters  and  House  Owners. 
By  Adolf  Wilhelm  Kei.m.  Translated  from  the  German  of  the 
second  revised  Edition  by  M.  J.  Salter,  F.I.C.,  F.C.S.  Eight 
Coloured  Plates  and  Thirteen  Illustrations.  Crown  8vo.  115 
pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ; 5s.  4d.  abroad.) 

HANDBOOK  OF  TECHNICAL  TERMS  USED  IN 
ARCHITECTURE  AND  BUILDING,  AND  THEIR 
ALLIED  TRADES  AND  SUBJECTS.  By  Augus- 
tine C.  Pass.more.  Demy  8vo.  380  pp.  Price  7s.  6d.  net. 
(Post  free,  8s.  home  ; 8s.  6d.  abroad.) 

(Foods,  Drugs  and  Sweetmeats.) 

FOOD  AND  DRUGS.  By  E.  J.  Parry,  B.Sc.,  F.I.C.,  F.C.S. 

Volume  I.  The  Analysis,  of  Food  and  Drugs  (Chemical  and 
Microscopical).  Royal  8vo.  724  pp.  Price  21s.  net.  (Post 
free,  21s.  6d.  home  ; 22s.  6d.  British  Colonies;  23s.  3d.  other 
Foreign  Countries.) 

Volume  II.  The  Sale  of  Food  and  Drugs  Acts,  1875-1907. 
Royal  8vo.  184  pp.  Price  7s.  6d.  net.  (Post  free,  7s.  lOd. 
home  ; 8s.  abroad.) 

THE  MANUFACTURE  OF  PRESERVED  FOODS 
AND  SWEETMEATS.  By  A.  Hausner.  With 

Twenty-eight  Illustrations.  Translated  from  the  German  of  the 
third  enlarged  Edition.  Second  English  Edition.  Crown  Svo.  225 
pp.  Price  7s.  6d.  net.  (Post  free,  7s.  9d.  home  ; 7s.  lOd.  abroad.) 

RECIPES  FOR  THE  PRESERVING  OF  FRUIT, 
VEGETABLES  AND  MEAT.  By  E.  W.agner. 

Translated  from  the  German.  Crown  8vo.  125  pp.  With  14 
Illustrations.  Price  5s.  net.  (Post  free,  5s.  3d.  home;  5s.  4d. 
abroad.)  


For  Contents  of  these  books.  see  List  III. 
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(Dyeing  Fancy  Goods.) 

THE  ART  OF  DYEING  AND  STAINING  MARBLE, 
ARTIFICIAL  STONE,  BONE,  HORN,  IVORY 
AND  WOOD,  AND  OF  IMITATING  ALL  SORTS 
OF  WOOD.  A Practical  Handbook  for  the  Use  of 

Joiners,  Turners,  Manufacturers  of  Fancy  Goods,  Stick  and 
Umbrella  Makers,  Comb  Makers,  etc.  Translated  froni  the 
German  of  D.  H.  Soxhlet,  Technical  Chemist.  Crown  8vo. 
168  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home  ; 5s.  4d.  abroad.) 

(Celluloid.) 

CELLULOID  : Its  Raw  Material,  Manufacture,  Properties 

and  Uses.  A Handbook  for  Manufacturers  of  Celluloid  and 
Celluloid  Articles,  and  all  Industries  using  Celluloid  ; also  for 
Dentists  and  Teeth  Specialists.  By  Dr.  Fr.  Böck.mann,  Tech- 
nical Chemist.  Translated  from  the  Third  Revised  German 
Edition.  Crown  8vo.  120  pp.  With  49  lllustrations.  Price  5s. 
net.  (Post  free,  5s.  3d.  home ; 5s.  4d.  abroad.) 

(Lithography,  Printing:  and 
Engraving.) 

PRACTICAL  LITHOGRAPHY.  By  Alfred  Seyhour. 
Demy  8vo.  With  Frontispiece  and  33  Illus.  120  pp.  Price  5s. 
net.  (Post  free,  5s.  4d.  home  ; 5s.  6d.  abroad.) 

PRINTERS’  AND  STATIONERS’  READY 
RECKONER  AND  COMPENDIUM.  Compiled  by 

V’icTOR  Graham.  Crown  8vo.  11.2  pp.  1904.  Price3.-s.6d.net. 
(Post  free,  3s.  9d.  home ; 3s.  lOd.  abroad.) 

ENGRAVING  FOR  ILLUSTRATION.  HISTORI- 
CAL  AND  PRACTICAL  NOTES.  By  J.  Kirkbride. 

72  pp.  Two  Plates  and  6 lllustrations.  Crown  8vo.  Price 
2s.  6d.  net.  (Post  free,  2s.  9d.  home  ; 2s.  lOd.  abroad  ) 

(For  Printing  Jnks,  see  p.  4.) 

(Bookbinding.) 

PRACTICAL  BOOKBINDING.  By  Paul  Adam. 

Translated  from  the  German.  Crown  8vo.  180  pp.  127  lllus- 
trations. Price  5s  net.  (Post  free,  5s.  4d.  home  ; 5s.  6d.  abroad. 

(Sugar  Refining.) 

THE  TECHNOLOGY  OF  SUGAR:  Practical  Treatise 

on  the  .Modern  .Methods  of  Manufacture  of  Sugar  from  the  Sugar 
Cane  and  Su^ar  Beet.  By  John  Geddks  McIntosh.  Sccond 
Revised  and  Eniarged  Edition.  Demy  8vo.  Fully  Illustratcd. 
4.36  pp.  Seventy  six  Tables.  1906.  Price  10s.  6d.  net  (Post 
free,  11s.  home;  lls.  6d.  abroad.l 

(See  “ Et  aporaling,  Coitdeiisiiig,  etc.,  Apparatus,"  p.  ig.) 
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(Emery.) 

EMERY  AND  THE  EMERY  INDUSTRY.  Tran*- 

lated  from  the  German  of  A.  Haenig.  Crown  8vo.  45  fllustra' 
tions.  104  pp.  Price  5s.  net.  (Post  free,  5s.  3d.  home ; 5».  6<L 
abroad.) 

(Libraries  and  Bibliography.) 

CLASSIFIED  GUIDE  TO  TECHNICAL  AND  COM- 
MERCIAL  BOOKS.  Compiled  by  Edgar  Gree.v- 
woOD.  Demy  Svo.  224  pp.  1904.  Being  a Subject-list  of  the 
Principal  British  and  American  Books  in  Print;  giving  Title, 
Author,  Size,  Date,  Publisher  and  Price.  Price  5s.  net.  (Post 
free,  5s.  4d.  liome ; 5s.  6d.  abroad.) 

HANDBOOK  TO  THE  TECHNICAL  AND  ART 
SCHOOLS  AND  COLLEGES  OF  THE  UNITED 
KINGDOM.  Containing  particulars  of  nearly  1,000 
Technical,  Commercial  and  Art  Schools  throughout  the  United 
Kingdom.  With  full  particulars  of  the  courses  of  Instruction, 
names  oF  principals,  secretaries,  etc.  Demy  Svo.  150  pp.  Price 
3s.  6d.  net.  (Post  free,  3s.  lOd.  home ; 4s.  abroad.) 

THE  LIBRARIES,  MUSEUMS  AND  ART  GAL- 
LERIES YEAR  BOOK,  1910-11.  Being  the  Third 

Edition  of  Greenwood’s  •*  British  Library  Year  Book”.  Edited 
by  Alex.  J.  Philip.  Demy  Svo.  286  pp.  Price5s.net.  (Post 
free,  5s.  4d.  home  ; 5s.  6d.  abroad.) 


THE  PLUMBING,  HEATING  AND  LIGHTING 
ANNUAL  FOR  1911.  The  Trade  Reference  Book 

for  Plumbers,  Sanitary,  Heating  and  Lighting  Engineers, 
Builders’  .Merchants,  Contractors  and  Architects.  Including 
the  translation  of  Hermann  Recknagcl’s  “ Kalender  für  Gesund- 
heits  - Techniker,”  Handbook  for  Heating,  Ventilating,  and 
Domestic  Engineers,  of  which  Scott,  Greenwood  & Son  have 
purchased  the  sole  right  for  the  English  1-anguagc.  Quarto. 
Bound  in  cloth  and  gilt  lettered.  Price  3s.  net.  (Post  free, 
3s.  4d.  home  ; 3s  8d.  abroad.) 


SCOTT,  GREENWOOD  & SON, 

JTecbiiical  HJook  aiiC*  Craöc  Journal  publisbcrii, 

8 Broadway,  Ludgate,  London,  E.C. 

Telegraphie  Address,  “ Printcries,  Cent.-I.ondon  ”.  Afril,  1913. 
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